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METHODS OF MODUIAUNG HAIR GROWTH 

Related AppScatians 
This application claims the benefit of U.S. provisional application Serial No. 
60/261,690, ffled January 12, 2001, and U.S. provisional application Serial No. 60/193,771, 
filed March 3 1, 2000, both of which are incorporated herein by reference. 

Background of the Invendon 
The hair follicle undergoes a cycle of hair growth (anagen) followed by regression 
(catagen), and quiescence (telogen) until a new hair shaft is generated in the existing follicle 
during the subsequent anagen phase. Hardy et al. (1992) Trends in Genetics 8:55-^1. The 
hair shaft is derived firom the epithelial matrix cells at the base of the foUicle, but a cluster of 
dermal cells ensheathed by the matrix cells, known as the dermal papilla (DP), is thought to 
supply inductive signals required for hair outgrowth. Reciprocal signaling from the 
epidermis is required for the formation of the dermal papilla and may also explain the 
coordinated moq)hological changes in epithelial and dermal components of the follicle 
observed during the hair cycle. 

Summaty of the Invendon 

The invention is based, in part, on the discovery that increasing Wnt protein levels 
can positively regulate the ability of dennal papilla (DP) cells to promote hair growth. It was 
found that co-culture of Wnt expressing cells with DP cells maintains hair inductivity. In 
addition, it was found that agents, such as inhibitors of GSKBp kinase, e.g., lithium chloride 
or similar small ions, which can mimic an effect of Wnt promoted signal transduction, e.g., 
mhibition of p-catenin phosphorylation, e.g., by inhibition of GSK3p kinase, or accumulation 
of p-catenin, can regulate the ability of DP cells to promoter hair growth. 

Accordingly, in one aspect, the invention features a method of promotmg hair growth 
in a subject. The method includes inducing or mimicking the effects of Wnt promoted signal 
transduction, e.g., by increasing the level of Wnt protein or administering an agent which 
mimics an effect of Wnt promoted signal transduction, e.g., inhibition of p-catenin 
phosphorylation, e.g., by inhibition of GSK3p kinase, or accumulation of p-catenin, to 
thereby promote hair growth. 
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In a preferred embodiment, the Wnt protein is: Wnt3, e.g., WntSa or Wnt 3b; Wnt 4; 
Wnt 7, e.g., Wnt 7a or 7b. In a particularly preferred embodiment, the Wnt protein is Wnt3, 
most preferably WntSa. 

In a preferred embodiment, Wnt is increased by administering an agent which 

5 mcreases the level of Wnt protein production and/or activity. An agent which increases the 
level of Wnt protein and/or which mimics an effect of Wnt promoted signal transduction can 
be one or more o£ a Wnt polypeptide or a functional fragment or analog thereof; a nucleotide 
sequence encoding a Wnt polypeptide or ftmctional fragment or analog thereof; an agent 
which increases Wnt nucleic acid expression, e.g., a small molecule which binds to the 

10 promoter region of Wnt; an agent which mimics an effect of Wnt promoted signal 

transduction, e.g., inhibition of p-catenin phosphorylation, e.g., by inhibition of GSK3P 
kinase, or accumulation of p-catenin. Examples of agents which can mimic an effect of Wnt 
promoted signal transduction mclude: an inhibitor of GSKBp kmase, e.g., lithium chloride or 
similar small ions; agents which bind Frizzled (Frz) (a cell surface receptor) and mimic Wnt 

15 binding, e.g., anti-Frizzled antibodies, or other naturally or non-naturally occurrmg Frizzled 
binding ligands. 

In a preferred embodiment, Wnt is increased by administering, e.g., introducing, a 
nucleotide sequence encoding a Wnt polypeptide or functional fragment or analog thereof 
into a particular ceU, e.g., an epidermal cell or a DP cell, in the subject. The nucleotide 

20 sequence can be a genomic sequence or a cDNA sequence. The nucleotide sequence can 
mclude: a Wnt coding region; a promoter sequence, e.g., a promoter sequence from a Wnt 
gene or from another gene; an enhancer sequence, e.g., 5' untranslated region (UTR), e.g., a 
5 ' UTR from a Wnt gene or from another gene, a 3 ' UTR, e.g., a 3 ' UTR from a Wnt gene or 
from another gene; a polyadenylation site; an insulator sequence. 

25 In another preferred embodiment, the level of Wnt protein is increased by increasing 

the level of expression of an endogenous Wnt gene, e.g., by increasing transcription of the 
Wnt gene. In a preferred embodiment, transcription of the Wnt gene is increased by: altering 
the regulatory sequences of the endogenous Wnt gene, e.g., by the addition of a positive 
regulatory element (such as an enhancer or a DNA-binding site for a transcriptional 

30 activator); the deletion of a negative regulatory element (such as a DNA-binding site for a 
transcriptional repressor) and/or replacement of the endogenous regulatory sequence, or 
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elements therein, with that of another gene, thereby allowing the coding region of the Wnt 
gene to be transcribed more efficiently. 

In another embodiment, the method can mclude introducing a cell mto a subject, e.g., 
a cell e!q>ressing Wnt. In a preferred embodiment, the cell expresses a Wnt protem, e.g., a 
Wnt 3, Wnt 4, or Wnt 7, or a jfragment ot an analog thereof In another preferred 
embodiment, the cell has been genetically modified to cause tiie expression of Wnt, e.g., the 
cell has been genetically modified to express a Wnt protem, or a fragment or an analog 
thereof or the cell has been genetically modified to introduce a nucleic acid sequence, e.g., a 
rei^iktory sequence, e.g., a promoter or an aihancer, that causes or increases the expression 
of the endogenous Wnt. In a preferred embodiment, the promoter of tiie endogenous Wnt 
gene has been replaced by another promoter, e.g., by a promoter from another gene. The cell 
can be an autologous, allogeneic, or xenogendc cell, but is preferably autologous. The 
autologous cell is preferably from a subject diaracterized vnSk hair loss. The manipulated 
cell can be any cell type, e.g., a fibroblast, a keraUnocyte, an q)itiielial cell, an raidotiielial 
cell, a glial cell, a neural cell, a lymphocyte, a bone marrow cell, and a muscle cell. 
Preferably the ceU is an epitheUal cell, e.g., an epidermal cell, a hair fbllicle cell, a dermal 
papilla ceU. The cell can be mtroduced into a subject to mcrease Wnt activity. 

In a preferred embodiment, tiie level of Wnt, e.g., Wnt 3, Wnt 4, or Wnt 7, is 
mcreased over a sustained period of time, e.g., a period equal to or greater than 2, 10, 14, 30, 
60, 90, or 180 days. E.g., a cell expressmg a Wnt protein, fragment, or analog can be 
suppUed, e.g., by any metiiod described herein, whereby Wnt is released over a sustained 
period of time, e.g., a period equal to or greater than 2, 10, 14, 30, 60, 90, or 180 days. 

In a preferred ahbodunent, the agent which mcreases tiie level of Wnt protem or 
numics an effect of Wnt promoted signal transduction is administered, e.g., by topically 
administering the agent; systemically administering tiie agent; orally administering the agent; 
or injecting tiie agent, preferably dermally or subcutaneously. In preferred embodiments, tiie 
compound is admrnistrared usmg a suitable delivery vehicle, for example, a surfectant or an 
agent which mcreases pCTmeability m tiie skin, e.g., an SDS or DMSO containing 
formulation. Preferably, tiie agent is inctaded in a composition for topical use, e.g., the 
conq)osition is a gel, cream, or Uquid. In a preferred embodiment, tiie agent is administered: 
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by continuous administration, e»g., the agent is administered with suflBcient frequency such 
that the affect on the Wnt protein level or Wnt promoted signal transduction is maintained for 
a selected period, e.g., 10, 20, 30, 50, 90, 180, 365 days or more. In another preferred 
embodiment, administration of the agent is repeated, e.g., is repeated at least 1, 2, 3, 5, 10, 20 

6 or more times. 

In a preferred embodiment, hair growth is promoted on: the subject's scalp; the 
subject's face, e.g., beard and/or mustache facial hair growth is promoted. 

In a preferred embodiment, the subject has an insuflBcient amount of hair or an 
insufficient rate of h^ growth. In a preferred emboiKment, the subject suffers from genetic 
10 pattern baldness; suffers from a hormonal disorder which decreases hair growth; has received 
a treatment, e.g., radiation, or chemotherapy, or a drug which inhibits bak growth; or has had 
a surgical procedure, e.g., skin graft, which is in need of hair growth. 

In another aspect, the mvention features a method of inhibiting hair growth in a 
15 subject. The method includes inhibiting the level of Wnt protem or inhibitmg an effect of 
Wnt promoted signal transduction, in the subject. 

In a preferred embodiment, the Wnt protein is: Wnt3, e.g., Wnt3a or Wnt 3b; Wnt 4; 
Wnt 7, e.g., Wnt 7a or 7b. In a particularly preferred embodiment, the Wnt protem is Wnt3, 
most preferably Wnt3a. 

20 In a preferred embodhnent, Wnt is inhibited by administering an agent which inhibits 

Wnt protem production levels and/or is a Wnt antagonist. An agent which inhibits Wnt can 
be one or more of: a Frizzled protein or Wnt binding portion thereof; a Wnt nucleic acid 
molecule which can bind to a cellular Wnt nucleic acid sequence, e.g., mKNA, and mhibit 
expression of the protem, e.g., an antisense molecule or Wnt ribozyme; an antibody that 

26 specifically binds to Wnt protem, e.g., an antibody that disrupts Wnt's ability to bind to its 
natural cellular target, e.g., disrupts Wnt's ability to bind to Frizzled; an antibody that 
specifically binds to Frizzled, e.g., an antibody that disrupts Frizzled's ability to bind to Wnt; 
a mutated inactive Wnt protein or fragment which binds to Frizzled but does not activate the 
Wnt signaling pathway; an agent which decreases Wnt gene expression, e.g., a small 

30 molecule which binds the promoter of Wnt. 
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In another preferred embodiment, Wnt is inhibited by decreasing the level of 
expression of an endogenous Wnt gene, e.g., by decreasing transcription of the Wnt gene. In 
a preferred embodiment, transcription of the Wnt gene can be decreased by: altering the 
regulatory sequences of the endogenous Wnt gene, e.g., by the addition of a negative 
regulatory sequence (such as aDNA-binding site for a transcriptional repressor). 

In a preferred embodiment, the agent which decreases the level of Wnt protein of 
inhibits an effect of Wnt promoted signal transduction is administered, e.g., by topically 
administering the agent; systemically administering the agent; orally administering the agent; 
or injecting the agent, preferably dermally or subcutaneously. In preferred embodiments, the 
compound is adiimustered using a suitable delivery vehicle, for example, a surfactant or an 
agent which mcreases permeability in the skin, e.g., an SDS or DMSO containing 
formulation. Preferably, the agent is included in a composition for topical use, e.g., the 
composition is a gel, cream, or liquid. In a preferred embodiment, the agent is administered: 
by continuous administration, e.g., the agent is administered vAth sufficient frequency such 
that the affect on the Wnt protem level or Wnt promoted signal transduction is maintained for 
a selected period, e.g., 10, 20, 30, 50, 90, 180, 365 days or more. In another preferred 
embodiment, administration of the agent is repeated, e.g., is repeated at least 1, 2, 3, 5, 10, 20 
or more times. 

In a preferred embodiment, hair growth is inhibited on: the subject's scalp; the 
subject's face, e.g., beard and/or mustache facial hair growth or eyebrow growth is inhibited; 
the subject's body hair growth is inhibited, e.g., hair growth is inhibited on the subject's 
back, legs, chest, armpits. 

In another aspect, the invention features a method of promoting hair growth in a 
subject. The method includes activatmg or increasing activation of the Wnt-P-catenin 
signaling pathway. 

In a preferred embodiment, activation of the Wnt-P-catenin pathway is increased by 
administering an agent which mcreases the level of Wnt protem production and/or which 
mimics an effect of Wnt promoted signal transduction, e.g., inhibition of p-catenin 
phosphorylation, e.g., by inhibition of GSKSp kmase, or accumulation of p-catenin. An 
agent which increases the level of Wnt protem and/or which mimics an effect of Wnt 
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promoted signal transduction can be one or more of: a Wnt polypeptide or a functional 
fragment or analog thereof as described herein; a nucleotide sequence encoding a Wnt 
polypeptide or flmctional fragment or analog thereof as described herein; an agent which 
incaeases Wnt nucleic add e3q)ression, e.g., a small molecule which bmds to the promoter 
region of Wnt; an agent vAich. mimics an effect of Wnt promoted signal transduction, e.g., 
inWbition of p-catenin phosphorylation, e.g., by inhibition of GSK3p kinase, or accumulation 
of p-cat©iin. Examples of agents which can minuc Wnt promoted signal transduction 
include inhibitors of GSK3p, e.g., litiiium chloride or similar small ions, agents which bind 
Frizded and mimic Wnt Wnding, e.g., anti-Frizzled antibodies^ or other naturally or non- 
natuially occurring Frizzled bmding ligands. In other embo(Bments, the levd of Wnt protem 
can be increased by inareasing the level of expression of an raidogenous Wnt gene, e.g., by 
increadng transcription of the Wnt gene, as described herein. In another preferred 
embodiment, activation of the Wnt-p-catraiin pathway is increased by administering: an 
agent which increases p-catenin protein production or activity, e.g., an agent ^ch decreases 
phosphorylation of p-catenin and/or which increases p-catrain accumulation, e.g., a P- 
catenin polypeptide or a fragment or analog thereof a nucleic acid sequence aicodmg a p- 
catenin polypeptide or fragments or analogs thereof, an agent which increases LEF-1 protem 
production and/or activity, e.g., an LEF-1 polypeptide or a fragment or analog thereof a 
nucleic acid sequence encoding an LEF-1 polypeptide or fragments or analogs thereof. 

In another preferred embodiment, the method can include introducing a cell, e.g., a 
cell which expresses and preferably secretes a protein involved in the activation of the Wnt- 
p-catenin signaling pathway, mto a subject In a preferred embodiment, the cell has been 
gaa^caUy modified to express: a Wnt protdn, or a fragment or an analog th^eof; a P- 
catenin protem, or fragment or analog thereof, an LEF-1 protein, or a fragment or analog 
tiiereof In a preferred embodiment, the cdl expresses a Wnt protem, e.g., a Wnt 3, Wnt 4, or 
Wnt 7, or a fragment or an analog thereof In another prefexed embodiment, the cell has 
been genetically modified to cause the expression of Wnt, e.g., the cell has been genetically 
modified to express a Wnt protein, or a fragment or an analog thereoj^ or the cell has been 
gaietically modified to introduce a nucleic acid sequence, e.g., a regulatory sequence, e.g., a 
promoter or an enhancar, that causes or increases the expression of tiie endogenous Wnt. In a 
prrferred embo(Mment, the promoter of tiie endogenous Wnt gme has been r^laced by 
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anothra- promoter, e.g., by a promoter from another gene. The cell can be an autologous, 
allogeneic, or xenogeneic cell, but is preferably autologous. The autologous cell is 
preferably from a subject characterized with hair loss. The manipulated cell can be any cell 
type, e.g., a fibroblast, akeratinocyte, an epithelial cell. Preferably the cell is an epithelial 
cell, e.g., an epidermal cell, a hair follicle cell, a dermal papilla cell. The cell can be 
introduced into a subject to increase Wnt activity. 

In a preferred embodiment, the level of Wnt, e.g., Wnt 3, Wnt 4, or Wnt 7, is 
increased over a sustained period of time, e.g., a period equal to or greater tiian 2, 10, 14, 30, 
60, ^, or 180 days. E.g., a cell expressing a Wnt protein, fragment, or analog can be 
supplied, e.g., by any melhod described im&n, wha-eby Wnt is released over a aistained 
period of time, e.g., a period equal to or greater than 2, 10, 14, 30, 60, 90, or 180 days. The 
cell can be introduced into a subject, e.g., to increase tiie levd of the protein involved in 
acti^^0Il of the Wnt-^-catenin signaling pathway. 

In a preferred embodiment, the ageart is administered, e.g., by topically administering 
the agent; systemically administering the agent; oraUy administering the agen^ or injectmg 
the agent, preferably dermally or subcutaneously. In preferred embodiments, the compound 
is administered using a suitable delivery vehicle, for example, a surfectant or an agent which 
mcreases permeabiHty in the skm, e.g., an SDS or DMSO containmg formulation. 
Preferably, the agent is included in a composition for topical use, e.g., the composition is a 
gel, cream, or liquid. la a preferred embodiment, the agent is administered: by continuous 
administration, e.g., the agent is administered with sufiBcient frequency such that the affect 
onthe Wnt-p-catenin signaling pathway is maintained for a selected period, e.g., 10, 20, 30, 
50, 90, 180, 365 days or more. In another preferred embodunent, administration of the agent 
is repeated, e.g., is repeated at least 1, 2, 3, 5, 10, 20 or more times. 

In a preferred embodiment, hair growtii is promoted on: tiie subject's scalp; the 
subject's face, e.g., beaid and/or mustadie fecial hair growth is promoted. 

In a prrferred embodunent, the subject has an insufSd^t amount of hair or an 
insufficient rate of hair growtii. In a prefaared embo(&nent, the subject suffers from genetic 
pattern bddness; suflPers from a hormond disorder which decreases hair growtii; has received 
a treatment, e.g., radiation, or chemotiier^y, or a drug which inhibits hair growtii; or has had 
a surgical procedure, e.g., skin graft, which is m need of hair growth. 
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la another aspect, the invention features a method of inhibiting hair growth in a 
subject The method includes inhibiting activation of the Wnt-P-catemn signaling pathway. 
In a preferred embodiment, activation of the Wnt-P-catenin pathway is inhibited by 
5 administering an agent which decreases the level of Wnt protdn production and/or decreases 
an effect of Wnt promoted signal transduction. An agent which inhibits the level of Wnt 
protdm or is a Wnt antagonist can be one or more of: a Frizzled protem or Wnt binding 
portion thereof a Wnt nucleic acid molecule which can bind to a cellular Wnt nucleic acid 
sequence, e.g., mRNA, ami inhibit expresaon of the protein, e.g., an antisense molecule or 
10 Wnt libozyme; an antibody that specifically binds to Wnt protein, e,g., an antibody that 

disrupts Wnt's ability to bind to its natural cellular target, e.g., disrupts Wnt's ability to bmd 
to aFrizzledreceptor protem; an antibody tiiat specifically bmds to Fri2zled, e.g., an antibody 
that disrupts a Frizaded's ability to bind to Wnt; a mutated inactive Wnt protdn or fragment 
which binds to Frizzled but does not activate the Wnt signaling pathway; an agent which 
15 decreases Wnt gene expression, e.g., a small molecule which binds the promotw of Wnt; an 
agent which decreases an activity of Wnt, e.g., an agent which increases phosphorylation of 
p-catenin. In other embodiments, the level of Wnt protem can be inhibited by decreasmg the 
level of expression of an endogenous Wnt gene, e.g., by decreasing transcription of the Wnt 
graie, as described herein. In another preferred embodiment, activation of the Wnt-P-catenin 
20 pathway is inhibited by administering: an agent which inhibits p-catenm protein production 
or inhibits an effect of Wnt promoted signal transduction, e.g., an agent which increases 
phosphorylation of p-cafcenin and/or which decreases p-catenin accumulation; an agent which 
inhibits LEF-1 protein production and/or activity. 

Itt a preferred embodiment, the ag^ is administwed, e.g,, by topically administering 
25 the agait; systemically administermg tte a^; orally admniistering the ageol^ or injecting 
tiie agent, preferably darmally or subcutaneously. In preferred embodunents, Ihe compound 
is administered using a suitable delivery vdhicle, for SKdsaple, a surfectant or an agent which 
moceases permeability in tiie skm, e.g., an SDS or DMSO contmning formulation. 
Prefwably, tiie agent is included in a composition for topical use, e.g., tiie conqwsition is a 
30 gel, cream, or liquid. In a preferred embodiment, the agent is administered: by continuous 
administration, e.g., the agent is administaed with sufficient frequency such that the effect 
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on the Wnt~P-catenin signaling pathway is maintained for a selected period, e.g., 10, 20, 30, 
50, 90, 180, 365 days or more. In another preferred embodiment, administration of the agent 
is repeated, e.g., is repeated at least 1, 2, 3, 5, 10, 20 or more times. 

In a preferred embodunent, hair growth is inhibited on: the subject's scalp; the 
subject's face, e.g., beard and/or mustache fecial hair growth or eyebrow growth is inhibited; 
the subject's body hak growth is inhibited, e.g., hair growth is inhibited on the subject's 
back, legs, chest, armpits. 

In another aspect, the invention features a method of evaluating tibe status of hair 
growth/hair loss in a subject. The method includes evaluating, e.g., detecting, the presence or 
absence of a genetic lesion in a Wnt gene, or evaluating, e.g., detecting, misexpression of the 
Wnt gene. 

In one embodiment, the mefliod includes evaluating whether a subject is at risk for 
hair loss. The method includes evaluatmg, e.g., detectmg, a genetic lesion in a Wnt gene, or 
evaluating, e.g., detecting, underexpression of the Wnt gene, to thereby determine if a subject 
is at risk for hair loss. 

In a preferred embodunent, the Wnt gene or protem is: Wnt3, e.g., Wnt3a or Wnt 3b; 
Wnt 4; Wnt 7, e.g., Wnt 7a or 7b. In a particularly preferred embodiment, the Wnt protein is 
Wnt3, most preferably Wnt3a. 

In preferred embodiment, the method includes evaluating in a sample of cells from 
the subject for the presence or absence of a genetic lesion, e.g., a mutation in the gene 
encoding a Wnt protein. The presence of a genetic lesion is indicative of a risk of hair loss in 
a subject. The cell sample can be of any cell type, e.g., a fibroblast, a keratinocyte, an 
epithelial cell, an endothelial cell, a glial cell, a neural cell, a lymphocyte, a bone marrow 
cell, and a muscle cell. 

In anoliier preferred embodiment, the method includes evaluating in a sample of cells, 
e.g., a sample of epidermal cells from the hair foUicIe of a subject, for the expression levels 
of the Wnt to determine underexpression. Underexpression of Wnt is indicative of a mk of 
hsk loss. 

In a preferred embodiment, the genetic lesions is evaluated by contacting the sample 
witii a nucleic acid probe capable of hybridizmg to Wnt mKNA, e.g., a labeled probe. In 



wo 01/74164 



PCT/USOl/10164 



another preferred embodiment, e?cpression of Wnt is evaluated with an antibody capable of 
binding to Wnt protein, e.g., a labeled antibody. 

In another embodiment, the method includes evaluating hair growth in a subject. The 
method includes evaluating, e.g., detecting, absence or presence of a genetic lesion in a Wnt 
gene, or evaluating, e.g., detecting, overexpression of the Wnt gene, to thereby evaluate 
whether hair growth is likely in a subject. 

In a preferred embodiment, the Wnt gene or protein is: Wnt3, e.g., Wnt3a or Wnt 3b; 
Wnt 4; Wnt 7, e.g., Wnt 7a or 7b. In a particularly preferred embodiment, the Wnt protem is 
Wnt3, most preferably WntSa. 

In a preferred embodiment, the method includes evaluatmg m a sample of cells from 
the subject for the presence or absence of a genetic lesion, e.g., a mutation m the gene 
encoding a Wnt protein. The absence of a genetic lesion is indicative of a potCTtial for hair 
growth. The cell sample can be of any cell type, e.g., a fibroblast, a keratinocyte, an 
epithelial cell, an endothelial cell, a glial cell, a neural cell, a lymphocyte, a bone marrow 
cell, and a muscle cell. 

In another preferred embodiment, the method includes evaluatmg in a sample of cells, 
e.g., a sample of epidermal cells from the hair follicle of a subject, for the expression levels 
of Wnt to determine overexpression. Overexpression of Wnt is indicative of a potential for 
hair growth. 

In a preferred embodiment, the genetic lesions is evaluated by contacting the sample 
with a nucleic acid probe capable of hybridizing to Wnt mKNA, e.g., a labeled probe. In 
another preferred embodiment, expression of Wnt is evaluated with an antibody capable of 
binding to Wnt protein, e.g., a labeled antibody. 

In another aspect, the invention features a method of evaluating the ability of an 
epidermal cell to promote hair growth or hair loss in a subject. The method includes 
evaluating, e.g., detecting, the presence or absence of a genetic lesion in a Wnt gene, or 
evaluating, e.g., detecting, misexpression of the Wnt gene. 

In a preferred embodknent, the ability of an epidermal cell to promote hair growth or 
hair loss is evaluated in ^ntro. 
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la one embodiment, the method mcludes evaluating the ability of an epidermal cell to 
promote hair loss. The method includes evaluating, e.g., detecting, a genetic lesion in a Wnt 
gene, or evaluating, e.g., detectmg, underexpression of the Wnt gene. 

In a preferred embodiment, the Wnt gene or protein is: Wnt3, e.g., Wnt3a or Wnt 3b; 
Wnt 4; Wnt 7, e.g., Wnt 7a or 7b. In a particularly preferred embodiment, the Wnt protein is 
Wnt 3, most preferably, Wnt3a. 

In preferred embodiment, the method includes evaluating in a sample of epidennal 
cells from the subject for the presence or absence of a genetic lesion, e.g,, a mutation in the 
gene encoding a Wnt protein. The presence of a genetic lesion is indicative of a risk of hair 
loss in a subject. 

In anotiier preferred embodhnent, the method includes evaluating in a sample of 
epidermal cells, for the ejqpression levels of the Wnt to determine underexpression. 
Underexpression of Wnt is indicative of a risk of hair loss. 

In a preferred embodiment, the genetic lesions is evaluated by contacting the sample 
with a nucleic acid probe capable of hybridizing to Wnt mRNA, e.g., a labeled probe. In 
another preferred embodiment, expression of Wnt is evaluated with an antibody capable of 
binding to Wnt protein, e.g., a labeled antibody. 

In another embodiment, the method includes evaluating the ability of an epidermal 
cell to promote hair growth. The method includes evaluating, e.g., detecting, absence or 
presence of a genetic lesion m a Wnt gene, or evaluatmg, e.g., detecting, overexpression of 
the Wnt gene. 

In a preferred embodhnent, the Wnt gene or protein is: Wnt3, e.g., Wnt3a or Wnt 3b; 
Wnt 4; Wnt 7, e.g., Wnt 7a or 7b. In a particularly preferred embodiment, tiie Wnt protein is 
Wnt3, most preferably, Wnt3a. 

In a preferred embodiment, the method includes evaluating in a sample of epidermal 
cells from the subject for the presence or absence of a genetic lesion, e.g., a mutation in the 
gene encoding a Wnt protein. The absence of a genetic lesion is indicative of a potential for 
hair growth. 

In anotiier preferred embodiment, the metiiod includes evaluating in a sample of 
epidermal cells for the expression levels of Wnt to deteraaine overejqpression. 
Overexpression of Wnt is indicative of a potential for hair growth. 
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In a preferred embodiment, the genetic lesions is evaluated by contacting the sample 
with a nucleic acid probe capable of hybridiadng to Wnt mRNA, e.g., a labeled probe. In 
anotiaer preferred embodiment, expression of Wnt is evaluated with an antibody capable of 
binding to Wnt protein, e.g., a labeled antibody. 

In another aspect, the invention features a method for identifying a compound capable 
of promoting hair growth. The method includes: contacting a cell capable of expressing a 
Wnt polypeptide with a test compoimd; and deterrainmg the level of Wnt polypeptide or 
nucleic acid expression, wherein a compound capable of mcreasmg Wnt polypeptide or 
nucleic acid expression is mdicative of a compound capable of promoting hair growth. 

In a preferred embodiment, the Wnt protein is: Wnt3, e.g., Wnt3a or Wnt 3b; Wnt 4; 
Wnt 7, e.g., Wnt 7a or 7b. lu a particularly preferred embodunent, the Wnt protem is Wnt3, 
most preferably WntSa. 

In a preferred embodiment, the compound is a Wnt fragment or analog. 
In a preferred embodiment, the method further includes evaluating a control cell, e.g., 
an identical cell which is not treated with the compound. 

In a preferred embodiment, the cell is: an epidermal cell, e.g., an epidermal cell from 
a hair follicle; a DP cell. 

In a preferred embodiment, Wnt nucleic acid expression is evaluated using a nucleic 
acid probe, e.g., a labeled probe, capable of hybridizing to a Wnt nucleic acid molecule, e.g., 
Wnt mRNA. In a preferred embodiment, Wnt nucleic acid expression, e.g., DNA expressioii, 
is evaluated by contactmg a compound with a Wnt nucleic acid molecule, e.g., a regulatory 
sequence of a Wnt nucleic acid molecule, and evaluating Wnt transcription, in vitro or in 
vivo, e.g., Wnt transcription is evaluated by determming a cell activity, e.g., usmg a marker 
gene, e.g., a lacZ gene or green fluorescence protem (GEP) gene, fused to the regulatory 
sequence of Wnt and following production of the marker. 

In a preferred embodiment, Wnt polypeptide expression is evaluated usmg an anti- 
Wnt antibody, e.g., a labeled anti-Wnt antibody. 

In another aspect, the mvention features a method for identifying a compound capable 
of inhibiting hair growth. The method includes: contacting a cell capable of e^qpressing a 
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Wnt polypeptide with a test compoimd; and determining the level of Wnt polypeptide or 
nucleic acid expression in the presence and absence of the compound, wherem a compound 
capable of decreasing Wnt polypeptide or nucleic acid expression is indicative of a 
compound capable of inhibiting hair growth. 

In a preferred embodunent, the Wnt polypeptide is: Wnt3, e.g., WntSa or Wnt 3b; 
Wnt 4; Wnt 7, e.g., Wnt 7a or 7b. In a particularly preferred embodiment, the Wnt protein is 
Wnt3, most preferably WntSa. 

In a preferred embodiment, Wnt nucleic acid expression is evaluated using a nucleic 
acid probe, e.g., a labeled probe, capable of hybridizing to a Wnt nucleic acid molecule, e.g., 
Wnt nxRNA. In preferred embodiment, Wnt nucleic acid expression, e.g., DNA expression, 
is evaluated by contacting a compound with a Wnt nucleic acid molecule, e.g., a regulatory 
sequence of a Wnt nucleic acid molecule, and evaluating Wnt transcription, in vitro or in 
vivo, Wnt transcription is evaluated by determining a cell activity, e.g., using a marker gene, 
e.g., a lacZ gene or a GEP gene, fused to the regulatory sequence of Wnt and following 
production of the marker. 

In a preferred embodiment, Wnt polypeptide expression is evaluated using an anti- 
Wnt antibody, e.g., a labeled anti-Wnt antibody. 

In another aspect, the invention features a method of culturing a DP cell. For 
example, a human or non-human, e.g., rodent, e.g., rat or mouse, DP cell. The method 
mcludes culturing tiie DP cell in the presence of an increased level of Wnt, another protein 
mvolved in activating the Wnt-p-catenin signaling pathway, e.g., p-catenin and/or LEF-1, 
and/or aa agent which mhnics an effect of Wnt promoted signal transduction, e.g., inhibition 
of p-catenin phosphorylation, e.g., by inhibition of GSKSp kinase, or accumulation of p- 
catenia 

In a preferred embodiment, the level of Wnt is increased over DP cells in the absence 
ofWnt. 

In a preferred embodiment, the Wnt protem is: Wnt3, e.g., WntSa or Wnt 3b; Wnt 4; 
Wnt 7, e.g., Wnt 7a or 7b. In a particularly preferred embodunent, the Wnt protein is Wnt3, 
most preferably WntSa. 
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In a preferred embodiment, the DP cell is propagated in vitro. In a preferred 
embodiment, the DP cell is cultured to mcrease the number of DP cells. 

In a preferred embodiment, a Wnt polypeptide or a ftmctional fragment or analog 
thereof is added to the culture. In another preferred embodiment, an agent which mimics an 
effect of Wnt promoted signal transduction, e.g., inhibition of (J-catenin phosphorylation, 
e,g., by inhibition of GSK3p kinase, or accumulation of p-catemn, is added to the culture. 
Examples of agents which can mimic an effect of Wnt promoted signal transduction include 
inhibitors of GSK3p kmase such as lithium chloride or shnilar small ions. 

In another preferred embodiment, the DP cell is cultured in the presence of a cell 
which expresses a Wnt polypeptide or a functional fragment or analog thereof. 

In a preferred embodiment, the DP cell is obtained from a subject, cultured with an 
increased level of Wnt, or an agent which mimics an effect of Wnt promoted signal 
transduction, e.g., inhibition of p-catenin phosphorylation, e.g., by inhibition of GSK3p 
kinase, or accumulation of p-catenin, and then returned to the same or a different subject. 

In a preferred embodiment, the DP cell is maintained m culture and then the cultured 
DP cells are returned to the same or a different subject to increase the amount of hair growth 
in the individual. 

In another preferred embodiment, the invention features a method of providing and 
maintaining a demal papilla cell graft, e.g., a DP graft for hair transplantation procedures. 
The method includes culturing a DP cell or DP cells in the presence of Wnt or a fragment or 
analog thereof another protein involved in activating the Wnt-P-catenin signaling pathway 
(e.g., p-catenin and/or LEF-1) or a fraigment or analog thereof, and/or an agent which mimics 
an effect of Wnt promoted signal transduction, e:g., inhibition of p-catenin phosphorylation, 
e.g., by inhibition of GSK3p kinase, or accumulation of p-catenin. 

In a preferred embodiment, the DP cell is propagated in vitro. In a preferred 
embodiment, the DP cell is propagated in vitro to increase the number of DP cells. 

In a preferred embodiment, a Wnt polypeptide or a ftmctional fragment or analog 
thereof is added to the culture. In another preferred embodiment, an agent which mimics an 
effect of Wnt promoted signal transduction, e.g., inhibition of p-catenin phosphorylation, 
e.g,, by inhibition of GSK3P kmase, or accumulation of P-catenin, is added to the culture. 
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Examples of agents which mimic an effect of Wnt promoted signal transduction include 
inhibitors of GSK3p kinase such as lithium chloride or similar small ions. 

In another preferred embodiment, the DP cell is cultured in the presence of a cell 
whidi expresses a Wnt polypeptide or a fijnctional fragment or analog thereof 

Jn a preferred ©Dobodiment, the DP cell is obtained from a subject, cultured with an 
increased level of Wnt, or an sg&A which nrnmics an efTect of Wnt promoted agnal 
transduction, e.g., inhibition of p-catenin phosphorylation, e.g., by inhibition of GSK3P 
kinase, or accumulation of p-catenin, and thai returned to Ae same or a different subject. 

In another aspect, the mvention features a media for cutairmg DP cells which 
inchides a Wnt polypeptide or a functional fragment or analog tiiereo^ or an agent which 
mimics an effect of Wnt promoted signal transduction, e.g., inhibition of p-catraiin 
phosphorylation, e.g., by mhibition of GSK3p kinase, or accumulation of p-catraiin. 
Examples of agents which mimic an effect of Wnt promoted agnal transduction include 
inhibitors of GSKSp kinase such as lithmm chloride or anular small ions. 

In another aspect, the invention features a method of promoting or maintaining 
anagen phase gene expression of DP cells. The method includes increasmg the level of Wnt 
protein or mimicking an effect of Wnt promoted signal transduction, e.g., inhibition of p- 
catenin phosphorylation, e.g., by inhibition of GSK3p kinase, or accumulation of P-catenin, 
to thereby promote or maintain anagen phase gene expression in the DP cells. In another 
prdtoed embodiment, the metiiod includes increasing activation of the Wnt-p-catenin 
signaling pathway, to thweby promote or maiatain anagen phase gene ejqiression in DP cells. 

In a preferred embodiment, the Wnt protein is: Wnt3, e.g., WntSa or Wnt 3b; Wnt 4; 
Wnt 7, e.g., Wnt 7a or 7b. In a particularly preferred embodiment, tiie Wnt protdn is WntS, 
mast preferably WntSa. 

In a preferred embodiment, Wnt level is increased or an effect of Wnt promoted 
signal transduction is mimicked by administmng an agent wMch increases the level of Wnt 
protean production and/or which mimics an effect of Wnt promoted signal transduction, e.g., 
inhfljition of p-catenin phosphorylation, e.g., by inhibition of GSK3p kinase, or accumulation 
of p-catenia An agent which mcreases tiie level of Wnt protein and/or mimics an effect of 
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Wnt promoted signal transduction can be one or more of a Wnt polypeptide or a functional 
fragment or analog thereof as described herein; a nucleotide sequence encoding a Wnt 
polypeptide or fiinctionai fragment or analog thereof as described herein; an agent which 
increases Wnt nucleic acid expression, e.g., a small molecule which binds to the promoter 
region of Wnt; an agent which mimics an effect of Wnt promoted signal transduction, e,g., 
inhibition of p-catenin phosphorylation, e.g., by inhibition of GSK3p kinase, or accumulation 
of p-catenin. Examples of agents which can mimic Wnt promoted signal transduction 
include inhibitors of GSK3p, e.g., lithium chloride or shnilar small ions, agents which bmd 
Frizzled and mimic Wnt binding e.g., anti-Frizzled antibodies, or other naturally or non- 
naturally occurring Frizded bindmg ligands. 

In a preferred embodiment, the method can be performed in vitro or in vivo. For 
example, the DP cells can be maintained m anagen phase in culture, and then administered to 
a subject, e.g,, to increase hair growth. Such methods can include maintaining DP cells in 
culture in the presence of Wnt or an agent which mimics an effect of Wnt promoted signal 
transduction, e.g., inhibition of P-catenin phosphorylation, ag., by inhibition of GSK3p 
kinase, or accumulation of p-catenin. In one embodiment, Wnt and/or an agent which 
mimics an effect of Wnt promoted signal transduction, e.g., an mhibitor of GSK3p kinase, 
e.g., lithium chloride or similar small ions, can be added to the culture. In another 
embodiment, the DP cell can be co-cultured with a cell which expresses Wnt, e.g., a cell 
which naturally expressed Wnt or has been genetically engineered to express Wnt. DP cells 
maintained in anagen phase can then be used, e.g., in DP graft procedwes. The DP cells can 
be obtained from the subject who will be receiving the DP graft (i.e., autologous cells), or 
can be obtained from a different subject (e.g., allogeneic or xenogeneic cells). 

In a prefeired embodiment, Wnt is increased by administering, e.g., introducing, a 
nucleotide sequence encoding a Wnt polypeptide or ftmctional fragment or analog thereof, 
into a particular cell, e.g., an epidermal cell or a DP cell, and/or into a subject. The 
nucleotide sequence can be a genomic sequence or a cDNA sequence. The nucleotide 
sequence can include: a Wnt coding region; a promoter sequence, e.g., a promoter sequence 
from a Wnt gene or from another gene; an enhancer sequence, e.g., 5' untranslated re^on 
(UTR), e.g., a 5' UTR from a Wnt gene or from another gene, a 3' UTR, e.g., a 3' UlR from 
a Wnt gene or from another gme; a polyadenylation site; an insulator sequence. 
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la another preferred embodiment, the level of Wnt protein is increased by increasing 
the level of expression of an endogenous Wnt gene, e.g., by mcreasing transcription of the 
Wnt gene. In a preferred embodiment, transcription of the Wnt gene is increased by: altering 
the regulatory sequences of the endogenous Wnt gene, e.g., by the addition of a positive 
regulatory element (such as an enhancer or a DNA-bindmg site for a transcriptional 
activator); the deletion of a negative regulatory element (such as a DNA-binding site for a 
transcriptional repressor) and/or replacement of the endogenous regulatory sequence, or 
elements therein, with that of another gene, thereby allowing the coding region of the Wnt 
gene to be transcribed more efficiently. 

In another preferred embocKment, the method can include introdudng a cell, e.g., a 
cell which expresses and preferably secretes a Wnt protem, mto a subject. In a preferred 
embodiment, the cell has been genetically modified to express a Wnt protein, or a fragment 
or an analog thereof The cell can be an autologous, allogeneic, or xenogeneic cell, but is 
preferably autologous. The cell can be any cell type, e.g., a fibroblast, a keratinocyte, an 
epithelial cell, an endothelial cell. Preferably the cell is an epithelial cell, e.g., an epidennal 
cell or a DP cell. The cell can be introduced into a subject to increase the level of Wnt 
protein. 

In a preferred embodiment, the agent which increases the level of Wnt protein and/or 
mimics an effect of Wnt promoted signal transduction is administered, e.g., by topically 
administering the agent; systemically administering the agent; orally administering the agent; 
or mjecting the agent, preferably dermally or subcutaneously. In preferred embodiments, the 
compoimd is administered using a suitable delivery vehicle, for example, a surfactant or an 
agent which mcreases permeability m the skin, e.g., an SDS or DMSO contahaing 
formulation. Preferably, the agent is included in a composition for topical use, e.g., the 
composition is a gel, cream, or liquid. In a preferred embodiment, the agent is admmistered: 
by continuous administration, e.g., the agent is administered with sufficient frequency such 
that the affect on the Wnt protein level is maintained for a selected period, e.g., 10, 20, 30, 
50, 90, 180, 365 days or more. la another preferred embodiment, administration of the agent 
is repeated, e.g., is repeated at least 1, 2, 3, 5, 10, 20 or more times. 

In a preferred embodiment, anagen phase gene expression is promoted or mauitained 
m: the subject's scalp; the subject's face, e.g., upper lip and/or chia 
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la another aspect, the invention features a method of promoting or maintaining hair 
indudave activity. The method mcludes increasing the level of Wnt protdn and/or 
mimi dritig an effect of Wnt promoted agnal transduction, e.g., inhibition of p-catenin 
phosphorylation, e.g., by inhibition of GSKSp kinase, or accumulation of p-catenin, to 
thereby promote or maintain hair inductive activity. 

In a preferred embodiment, the Wnt protem is: Wnt3, e.g., Wnt3a or Wnt 3b; Wnt 4; 
Wnt 7, e.g., Wnt 7a or 7b. In a particularly preferred embodiment, the Wnt protdn is Wnt3, 
most preferably WntSa. 

In a preferred embodiment, Wnt is mcreased by administering an agent vMch. 
inrareases the level of Wnt protein production and/or activity. An agent which inaeases the 
level of Wnt protem can be one or more o£ a Wnt polypeptide or a fimctional figment or 
analog thereof; a nucleotide sequence encoding a Wnt polypqrtide or functional ftagment or 
analog thereof; an agent which increases Wnt nucleic acid expression, e.g., a small molecule 
which binds to the promoter region of Wnt; an agent which mimics an effect of Wnt 
promoted signal transduction, e.g., inhibition of p-catenin phosphorylation, e.g., by inMbition 
of GSKSP kinase, or accumulation of p-catemn. Examples of agents which mimic an effect 
of Wnt promoted signal transduction mclude inhibitors of GSK3p kinase such as Uthium 
chloride or similar small ions 

In a preferred embodiment, Wnt is increased by administering, e.g., introducing, a 
nucleotide sequence encoding a Wnt polypeptide or functional fragment or analog thereof 
into a particular cell, e.g., an epidermal cell or a DP cell, in tiie subject. The nucleotide 
seqiisttce can be a genomic sequence or a cDNA sequence. The nucleotide sequence can 
include: a Wnt coding r^on; a promoter sequence, e.g., a promoter sequence from a Wnt 
g«tte or from another gene; an enhancer sequence, e.g., 5' untranslated region (UTR), e.g., a 
5' UTR from a Wnt gene or from anotiier gene, a 3' UTR, e.g., a 3' UTR from a Wnt gene or 
from another gene; a polyadenylation site; an insulator sequence. 

In another preferred embodiment, tiie level of Wnt protem is increased by increasing 
tiie level of expression of an endogenous Wnt gene, e.g., by inareasing tiransaiption of tiie 
Wnt gene. In a preferred embodunent, transcription of tiie Wnt gene is increased by: altering 
the regulatory sequences of the endograious Wnt gene, e.g., by the addition of a positive 
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regulatory element (such as an enhancer or a DNA-binding site for a transcriptional 
activator); the deletion of a negative regulatory element (such as a DNA-binding site for a 
transcriptional repressor) and/or replacement of the endogenous regulatory sequence, or 
elements therein, with that of another gene, thereby allowing the coding region of the Wnt 

5 gene to be transcribed more efficiently. 

In another preferred embodunent, the method can include introdudng a cell, e.g., a 
cell which expresses md preferably secretes a Wnt protein, into a subject. In a preferred 
embodunent, the cell has been genetically modified to express a Wnt protein, or a fragment 
or an analog thereof The cell can be an autologous, allogeneic, or xenogeneic cell, but is 

10 preferably autologous. The cell can be any cell type, e.g., a fibroblast, a keratinocyte, an 

epithelial cell, an endothelial cell. Preferably the cell is an epithelial cell, e.g., an epidermal 
cell or a DP cell. The cell can be introduced into a subject to increase the level of Wnt 
protein and/or to mimic an effect of Wnt promoted signal transduction. 

In a preferred embodunent, the agent which increases the level of Wnt protein and/or 

15 mimics Wnt promoted signal transduction is administered, e.g., by topically administering 
the agent; systemically admmistering the agent; orally administermg the agent; or injecting 
the agent, preferably dermally or subcutatieously. In preferred embodiments, the compound 
is admmistered using a suitable delivery vehicle, for example, a surfactant or an agent which 
increases permeability in the skin, e.g., an SDS orDMSO containing formulation. 

20 Preferably, the agent is included in a composition for topical use, e.g., the composition is a 
gel, cream, or liquid. In a preferred embodiment, the agent is administered: by continuous 
administration, e.g., the agent is administered with sufficient frequency such that the affect 
on the Wnt protem level and/or the Wnt signaling pathway is maintained for a selected 
period, e.g., 10, 20, 30, 50, 90, 180, 365 days or more. In another preferred embodiment, 

26 administration of the agent is repeated, e.g., is repeated at least 1, 2, 3, 5, 10, 20 or more 
times. 

In a preferred embodiment, hair mductive activity is promoted or maintained on: the 
subject's scalp; the subject's face, e.g., upperlip and/or chin. 

30 A "treatment", as used herein, includes any therapeutic treatment, e.g., the 

administration of a therapeutic agent or substance, e.g., a drug. 



19- 



wo 01/74164 



PCT/USOl/10164 



The term "increasing hair growth" as used herein refers to increasmg the number or 
density or distribution of follicles or hair shafts or otherwise mcreasing the growth of hair. 

As used herein, the term "subject" refers an animal, e.g., a mammal, e.g., a human. 
The mammal can be a human or non-human mammal, e.g., a svrine, a bird, a cat, a dog, a 
monkey, a goat, or a rodent, e.g., a rat or a mouse. The animal can be a transgenic animal, 
e.g., a transgenic rodent, e.g., a transgenic rat or mouse. 

'"Regulatory sequence" refers to any or all of the DNA sequences that controls gene 
expression. An example of a regulatory sequence includes: a promoter, a poative regulatory 
element (such as an enhancer or a DNA-binding site for a transcriptional activator); a 
negative regulatory element (such as a DNA-binding site for a transcriptional repressor) and 
an insulator. 

'Heterologous" refers to DNA or tissue which is derived from a diflferent species. 

"Heterologous regulatory sequence" refers to a sequence which is not the normal 
regulatory sequence of that gene 

The terms "peptides", "proteins", and "polypeptides" are used interchangeably herein. 

The term "small molecule", as used herein, includes peptides, peptidomimetics, or 
non-peptidic compounds, such as organic molecules, having a molecular weight less than 
2,000, preferably less than 1,000. 

The term "effects of Wnt-promoted signal transduction" refers to one or more of the 
biochemical eflfects (e.g., modulation of e.g., protein binding interactions, phosphorylation or 
transcription) in a cell, e.g., a DP cell, initiated by Wnt signaling, e.g., by Wnt binding to 
Frizzled. Meets of Wnt promoted signal transduction can include Wnt binding to Frizzled; 
inhibition of GSK3p mediated phosphorylation; inhibition of phosphorylation-dependent 
degradation of p-catenin; accumulation of P-catenin protein in the cytoplasm; stabilization of 
cellular p-catenin; p-catenin accumulation in the cytoplasm; p-catenin binding to Lefl; 
translocation of the p- catenin-Lefl complex to the nucleus; and stimulation of transcription 
from associated genes. Components of Wnt-promoted signal transduction can include 
Frizzled protem, e.g., Frizzled-7 (frz-7), disheveled proteixis, e.g., disheveled-2 (dsh-2), 
GSK3, beta catemn, Lefl, and LefiTTFC. Other effects and components of the Wnt signalmg 
patiiway are described m Arias et al. (1999) Curr. Opift Genet &Dev. 9:447-454, which is 
incorporated herein by reference. 
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Other features and advantages of the inventioa will be apparent from the following 
detailed description, and from the claims. 

Detailed Description of the Invention 
5 The present invention is based, in part, on the discovery that Wnt protems expressed 

in the follicular epithelium maintain anagen phase gene expression m dermal papilla cells 
and that haur inductive activity is also maintained by Wnt signaling. 

Both formation of the hair follicle during embryonic development and the cyclical 
growth, quiescence and regeneration of the hair shaft during the hair cycle are dependent on 
1 0 reciprocal signalmg between the epidennal and dermal components of the follicle. 

In the Wnt signaling pathway, Wnt, which is a soluble molecule, binds Frizzled (Fxz\ 
a cell surface receptor, found on various types of cells. In the presence of disshelved, 
binding of Wnt to Frz results m the mhibition of GSK3p mediated phosphorylation and 
subsequent phosphorylation-dependent degradation of p-catemn. Thus, Wnt bmding 
15 stabilizes cellular p-catenin. In the presence of Wnt binding, p-catenin accumulates in the 
cytoplasm and binds to Lefl . The p-catenin-Lefl complex then translocates to the nucleus, 
where it mediates transcriptional activation. 

Production of a Transgenic Mouse Expressme Green F luorescent Protein in DP Cells 
20 A transgenic mouse line that specifically expresses green fluorescent protein (GEP) in 

DP cells during the anagen (growth) phase of the hair cycle was used to purify GFP 

expressing DP cells and study the signals required to maintain GEP expression. The 

transgenic mouse line was generated as described in Kishimoto et al. (1999) Proc, Natl Acad. 

Sci USA 96:7336-7341. It was fomd that isolated transgenic anagen hair follicles show GFP 
26 fluorescence in the DP. The versican-GFP transgene is active during anagen but is shut off 

during catagen and telogen of hair growth. Therefore, transgene expression was correlated 

with the presumed profile of inductive activity in the DP. 
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RT-PCR Analysis 

Total KNA was isolated and RT PGR performed as descaibed in Kishimoto et al. 
(19^) Proc. Natl Acad Set USA 96:7336-7341, using an annealing temperature of 58°C. 
The primers employed are listed below. Vfi&i the exception of Wnts 4, 5 and 7, the piimars 
ware designed to distinguish between mouse and chicken ortiidogues and the lack of cross 
reaction to chick sequences was confirmed on cDNA from feeder cells alone. 
Wnt3: G CGC CCT GGC TCACTAC (SEQ IDNO:l) 
and ATG CTG CTG CTG CTG GCC (SEQ ID N0:2) for 30 cycles 
Wnt4: TGA TCC AGA GGC AGG TGC AG (SEQ ID N0:3) 
and CTT CTC CAG TTC TCC ACT GC (SEQ ID N0:4) for 36 cycles 
WntSa: CTG TTG AC TGC ACC AGC TT (SEQ ID N0:5) and 
TCA AGG AAT GCC AGT ACC AGT ACC AG (SEQ ID N0:6) for 30 cycles 
FrizzIed-7: CTG CTA GAG GAC CGT GCC (SEQ ID N0:7) 

and AGG TGC GTT CCC AGT GCT (SEQ ID N0:8) for 36cycles 
Disheveled-2: CAT CCT TCA GCA GTG TCA (SEQ ID N0:9) 
and CGT CAT TGT CAT TCA GAG (SEQ ID NO:10) for 36 cycles 
GSK-3p: CAG GGC ACC AGA GTT GAT (SEQ ID NO: 11) 
and GCA GAA GCG GCG TTA TTG (SEQ ID NO: 12) for 30 cycles 
p-catenin: CCACCAGCT AGGCGC ACT(SEQIDN0:13) 
and GGG CTC AGA QGG TCC GAG (SEQ ID NO: 14) for 30 cycles 
LEF-1: ACT GTC AGG CGA CAC TTC C (SEQ ID NO: 15) 
and TGC ACG TTG GGA AGG AGC (SEQ ID NO: 16) for 36 cycles 
Shh: for 30 cycles (SEQ ID N0:17 & 18) 
Patched-1 : AGC CTC ACA GTA ACA CCC (SEQ ID NO: 20) 
and TGT TCT CCT CCA GCA TGA (SEQ ID N0:21) for 36 cycles 
Gli-1: TTG GGG ATG CTG GAT GGG (SEQ ID NO:22) 
and CGG TCA CTG GCA TTG CTA (SEQ ID N0.23) for 36 cycles 
p-actin: 5'-CCA CAC CCG CCA CCA GTT C-3' (SEQ ID NO:24) 
and 5'-GAGGAAGAGGATGCGGCA-3' (SEQ ID NO:25) for 26 cycles 
GBP: 5'-TGCAGTGCTTCAGCCGCTAC- 3' (SEQ ID NO: 26) AND 
5'-CTCGTTGGGGTCTTTGCTCA-3' (SEQ ID NO: 27) for 26 cycles. 
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Cell Culture 

Fresh mouse pelage DP cells were obtained from versican GFP transgenic newborn 
skin by high-speed cell sorting (MoFLO) as described previously in Kishimoto et al., supra. 
Chick embryo fibroblasts (CEFs) were infected with RCASBP(A) retrovh-al vectors encoding 
chick Shh, as described in Riddle et al. (1993) Cell 75: 1401-1416, WntSa, as described in 
Kengaku et al. (1998) Science im-AXlAAin, Wnt4, Wnt5a (Noramly and Morgan, in prep), 
or Wnt7a, as described in Riddle et al. (1995) Cell 83:631-640, or vector alone as described, 
as described m Morgan et al. mMethods in Cell Biology (ed. Bonner-Fraser) pp J85-218 
(Academic Press, San Diego, 1996). GEP positive mouse DP cells were added onto 30-50% 
confluent feeder cells to achieve a ratio of 1 :3 (mouse:chick). For the flow cytometric 
analysis, cells were co-cultured in 24 well dishes for 48-96 hrs. For the grafting experiment 
co-cultured cells were passaged 2-3 times in 10 cm dishes to generate the 2x10^ cells 
required for each graft 

Flow Cytometry 

Cells were tiypsinized and resuspended in 0.5 ml PBS with 1% BSA. Flow 
cytometric analysis was performed by FACScan (Becton Dickmson). DP ceUs were labeled 
with mouse MHC class II monoclonal antibody and incubated with secondary IgG 
conjugated to PE. The PE negative avian cells fell below the lower gate m Fig. 3 and were 
excluded from tihie analysis of GFP expression. 

Reconslitution Assay 

The reconstitution assay was performed as described in Kishimoto et al,, supra. 
Primary keratinocytes were prepared from 2 newborn pups per graft and combined with 
2x10^ DP cells in the graft chamber. Hmr growth was monitored two weeks after grafting 
and weekly thereafter. 
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Anagen dermal papilla cells from the sldn of the transgenic mouse described above 
were purified to homogeneity using a fluorescence activated cell sort^ and were shown to 
retain hair inductive activity in a skin reconstitution assay. However, using flow cytometric 
analysis of GEP expr^sion in DP cells immediately after isolation and after 90 hours in 
culture, it was found that the mductive activity and GEP expression of the DP cells were 
rapidly lost in culture. This suggests that a fector normally supplied by epidermal cells was 
required to maintain DP cells in the anagen state. 

Analysis of tiie Role of Shh in Anaeen Phase 

One candidate for the signal supplied by the epidermal cells was Shh, which is 
expressed in the epidermal component of the hair follicle and is required for the maturation 
of the dermal papilla during embryonic development See, e.g., St. Jacques (1998) Curr. 
Biol 8:1058-1068, During the hair cycle, exogenous Shh can accelerate the transition from 
telogentoanagea SBio (1999) 1 Clin. Invest. 104:855-864. Expression of Shh, 
patched-1 (ptc-l), Gli-1 and the control of p-actin genes was analyzed m DP cells 
immediately after isolation and after three passages in culture. In skin from newborn 
transgenic mice undergoing active hair growth, Shh mKNA was detected in the GEP negative 
population of sorted cells, which includes follicular epidermis, and was absent from the 
dermal papilla cells. Ptc-1 and Gli-1 are expressed in isolated DP but transcription levels 
decreased upon passage in culture. Transcriptional feedback in the Shh signal transduction 
cascade results in increased accumulation of mRNA encoding two of its components, 
patched (ptc) and Gli-1, in response to Shh signaling. This mduction serves as an indication 
of response to the Shh signal. Goodrich et al. (1996) Genes Dev. 10:301-312; Marigo et al. 
(1996) Development 122:1225-1233. Message from both genes was readily detected in 
freshly sorted DP cells, but the abundance of both messages decreases to undetectable levels 
when isolated DP cells were cultured m the absence of follicular epithelium. Thus, Shh 
signaling from follicular epithelium to the dermal papilla occurs in the hair follicle and could 
cause DP activation m anagen. Therefore, it was evaluated whether Shh signaling was 
sufficient to rescue either GEP gene expression or hair inductive activity in DP cells 
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maintained in culture. Freshly isolated DP cells were co-cultured with CEFs expressing Shh 
or infected with a control vector. The use of heterospecific feeder cells allowed analyzation 
of gaie expression in the DP cells by PCR with species-specific primers and confirms that 
the DP cdls received the Shh signal as dranonstrated by induction and maintenance of both 
ptc-1 and Gli-1, while expression of both gems is decreased in DP cells co-cutaired with 
conbral feeders. P-adin sequences were used to normalize inpiA cDNA and murine specific 
primers were employed to discruninate b^erai gene esqpressaion in the DP and feeder cell 
populations. However, as demonstrated by flow cytometric airalysis of DP cdUs co-cultures 
Willi feeder layers produdng Wnt3 or Shh or infected with control vectors, OTP egression 
declined at identical rates in Shh treated and control populations. In addition, 1i» ratio of 
GEP positive and GEP negative cells was confirmed for eadi teeatment. To confirm the 
conrelation between GHP expression and maintenance of the anagen state, tiiese cells were 
mixed with keratinocytes and grafted in bubble chambers on tiie backs of nude mwise hosts. 
In this assay, the hairless skin which forms in the absence of active DP cells was observed 
whether or not the DP cells had been cultured in the presence of Shh. Both grafts of control 
or Shh treated DP cells showed only occasional hairs three weeks after grafting to the nude 
mouse model. See Table 1. 

As in vivo experiments have suggested that Shh stimulates the transition from telogen 
to anagen, it was also assessed whether Shh signaling was sufficient to activate isolated DP 
cells which had been maintained in culture until they were formally analogous to telogen DP 
cells in that both GEP «q)ression and hair inductive activity were lost. Again, no change in 
eitiier property was observed. Thus, altiiough Shh may initiate anagen in vivo, it is likely tiiat 
it acts on the DP in part indirectly, possibly by induction of a secondary signal in the 
epidermis. 

Analysis of the Ro le of Wnt in Anaeen Phase 

A search of tiie sequence m the vacsican enhancer used to drive GEP sqpression m the 
DP revealed a LefiTCF binding motif and suggested tiiat a Wnt might serve as the signal 
from the epidermis which activates tiie DP ceUs. This bmdmg site appears to be requked for 
GFP expression because no GEP expression was observed in tai independent transgenic lines 
when this region was deleted from the expression construct However, deletions from 
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elsewhere in the construct had no effect on GEP expression m transgenic mice. The Lefi'TCF 
family of DNA binding proteins mediates the transcriptional effects of Wnt signaling through 
the P-catenin pathway. Arias et al. (1999) Curr. Opin, Genet &Dev, 9:447-454. Wnts are 
secreted glycoproteins which bmd to Frizzled. In a process dependent on disheveled 
proteins, Frizzled receptor engagement inhibits phosphorylation of p catenin by a complex 
including GSK3 . This results in accumulation of P-catenin protein in the cytoplasm and 
translocation to the nucleus where it can bmd Le0TCaP and stimulate transcription from 
associated genes. In freshly isolated DP cells, Frizzled-7 (frz-?), disheveled-2 (dsh-2), 
GSK3, p catenin, Lefl and the GFP transgene are all expressed. Thus, the components of 
this signal transduction cascade were expressed in freshly isolated DP cells. After three 
passages, ejqpression of frz-7, dsv-2 and Lefl are reduced. Furthermore, WntSa is expressed 
in the follicular matrix cells and WntSa, 5a and 7a transcripts were detected in the GEP 
negative population from dissociated skin which includes the follicular epithelia from anagen 
hair follicles. Thus, all of these Wnts are candidates to mediate signalmg to the dermal 
papilla. 

Feeder cells expressing Wnts 3a, 4, 5a or 7a were used to test the effects of Wnt 
signaling on freshly isolated DP cells. Co-culture with Wnts3a or 7a resulted m maintenance 
of GEP fluorescence in the majority of the DP cells as demonstrated by FACS analysis. RT 
PCR confirmed that this reflects increased levels of GFP RNA rather than stabUization of the 
encoded protein. In particular, GFP KNA levels are mamtained by exposure to WntSa but 
not Shh or control feeder layers, Wnt 4 expressing cells also showed some maintenance of 
GEP expression but were less potent than either WntSa or 7a, while WntSa had no effect on 
DP GFP expression. As suggested by GFP expression, the hair inductive activity of DP cells 
was also maintained in culture by Wnt signaUng. When the murme DP cells were resorted, 
combined with keratinocytes and used to reconstitute skin on a nude mouse host, WntSa or 
7a treated ceUs showed a dramatic increase in hair growth compared to cells co-cultured with • 
control feeders or Shh expression cells. The control and Shh treated DP cell grafts only 
showed an occasional hair three weeks after grafting, whereas DP cells exposed to WntSa 
formed a dense patch of hair in the graft. See Table 1 . 

While WntSa is sufiScient to maintain DP cells in the anagen state, it cannot reactivate 
GEP expression or hair mductive activity in cells which have lost Ihese properties in culture 
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(data not shown). Analysis of transcripts encoding components of the Wnt signal 
transduction cascade reveals that Lef-1, disheveied-2 and Frizzled-7 are all downregulated 
after maintenance in culture in the absence of Wnts and this could explain the failure of 
exogenous Wnt to reactivate GEP expression in these cells. Maintenance of expression of 

5 proteins required for Wnt signal transduction by other fectors expressed locally in the 

epidermis could contribute to the coordination of morphogenesis in the follicle. The findmgs 
reported here suggest the possibility that a single Wnt expressed in the epidermis could 
coordinate development in both the dermis and epidermis. 

The results demonstrate that WntSa, and possibly other Wnts, expressed in the anagen 

10 hair follicle can act as inductive signals to maintain the dermal papilla in an anagen state. 

The results also suggest that Shh signaling is not sufficient to initiate or maintain the anagen 
state of DP cells, and may therefore act at least in part mdirectly to promote the transition to 
anagen in vivo. Fmally these results extend the correlation between GEP expression in these 
transgenic DP cells and their ability to induce hair growth and thus suggest fiirther use of this 

16 approach to dissect signaling between epithelia and mesenchyme to coordinate 
morphogenesis. 

Wnt Polypeptides and Nucleic Acid Sequences Encoding Wnt 

Wnt polypeptides can be obtained in several ways includmg isolation of Wnt or 
20 expression of a sequence encoding Wnt by genetic engineering methods. The nucleotide 

sequences of various Wnt proteins from various species are known. See, e.g., Gavm et al. 

(1990) Genes Dev, 4:2319-2332; Lee et al. (1995) Proc. Natl Acad Sci USA 92:2268-2272; 

and, Christiansen et al. (1995) Mec^. Dev. 51:341-350 (describing, e.g., murine Wntl, Wnt2, 

WntSa, WntSb, Wnt4, WntSa, Wnt 5b, Wnt6, Wnt7a, Wnt7b, WntSa, WntSb, WntlOb, 
25 Wntl 1, Wntl2) and Vant Veer et al. (1984) Mol. Cell Biol. 4:2532-2534; Wainwright et al. 

(1988) EMBO J. 7:1743-1748; and, PCTPubUcation WO 95/17416 (describing, e.g., human 

Wntl, Wnt2, Wnt3, Wnt4, Wnt5a, Wnt7a and Wnt7b). 

Atiflln pR nf Wnt or Other Proteins Involved m the Wnt-p -catenm Signaling Pathwav 
30 Analogs can differ from naturally occurring protem m amino acid sequence or in 

ways that do not involve sequence, or both. Non-sequence modifications mclude in vivo or 
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in vitro chemical derivatizatioa of the proteia Non-sequence modifications include changes 
in acetylation, methylation, phosphorylation, carboxylation, or glycosylation. 

Preferred analogs include a protem, e.g., Wnt, (or biologically active fragments 
tiiereof) whose sequences dififer from the wild-type sequence by one or more conservative 
amino add substitutions or by one or more non-conservative amino acid substitutions, 
deletions, or insertions which do not abolish tiie biological activity. In a preferred 
embodiment, the sequence can differ from wild-type sequence by 1, 2, 3, 5, 10, but not more 
than 20 to 30 amino add residues. Conservative substitutions typically include the 
substitution of one amino acid for another with similar characteristics, e.g., substhutions 
within the following groups: valine, glycme; glycine, alanme; valine, isoleucine, leucine; 
aspartic acid, glutamic add; asparagine, glutaraine; serine, tiireomne; lysme, arginine; and 
phenylalanine, tyrosine. Other conservative substitutions can be taken from the table below. 



TABLE 1 

CONSERVATTVE AMINO ACID REPLACEMENTS 



For Amino 
Acid 


Code 


'RephcB widi any of 


Alanine 


A 


D-Ala, Gty, beta-Ala, L-Cys, D-Cys 


Arginine 


R 


D-Arg, Lys, D-Lys, homo-Arg, D- homo-Arg, Met, De, D- 
Met, D-fle, Om, D-Om 


Asparagine 


N 


D-Asn, Asp, D-Asp, Glu, D-Glu, Gin, D-Gln 


AspaiticAcid 


D 


D-Asp, D-Asn, Asn, Glu, D-Glu, Gin, D-Gln 


Cystdne 


C 


D-Cys. S-Ms-Cys, Met, D-Met, Thr, D-Thr 


Olutoiine 


Q 


D-Gln, Asn, D-Asn, Glu, D^u, Asp, D-Asp 


Glutamic Acid 


E 


D-Glu, D-Asp, Asp, Asn, D-Asn, Gin, D-Gln 


Olydne 


G 


Ala, D-Ala, Pro, D-Pro, P-Ala Acp 


j^leodne 


I 


D-De, Val, D-Val, Leu, D-Leo, Met,D-Met 


Leucine 


L 


D-Leu, Val, D-Val, Leu, D-Leu, Met, D-Met 
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Lysine 


K 


D-Lys, Arg, D-Arg, homo-Aig, D-homo-Arg, Met, D-Met, 
He, D-ne, Om, D-Om 


Methionine 


M 


D-Mel, S-Me-Cys, Tie, D-De, Leu, D-Leu, Val, D-Val 


thssayhktsoBS 


F 


D-Phe, lyr, D-Thr, L-Dopa, EBs, D-His, Trp, D-Tip, Tians- 
or 3-pnenyiproiin6, vis^j,**-, ux j^pucityipiuxixi^ 


ProHiie 


P 


D-Pro, lrI-lMoazoKdine-4- carboxylic acid, D-or L-1- 

03^ZOUQine"*r"CaXUOA.yili«f ctUlU 




S 


D-Ser. Thr, D-Thr, ano-Thr, Mel, D-lVfet, Met(0), D- 

Met(0), L-Cys, D-Cys 


Iliieaiiiiie 


T 


D-Thr, Ser, D-Ser, allo-Thr, Met, D-Met, Met(.U), JJ- 
Met(0),Val,D-Val 


Tytc^e 


Y 


D-Tyr, Phe, D-Phe, L-Dopa, Hs, D-Ks 


Valine 


V 


D-Val, Leo, D-Leu, He, D-Ile, Met, D-Met 



Other analogs within the invention are those with modifications which inarease 
peptide stability; such analogs may contain, for example, one or more non-peptide bonds 
(which replace the peptide bonds) in the peptide sequence. Also included are: analogs that 
include residues other than naturally occurring L-ammo acids, e.g., D-ammo acids or non- 
naturaHy occurring or synthetic amino acids, e.g., p or y amino acids; and cycUc analogs. 



Production of Frapments and Analogs 
f >»nenitiQn of Fragments 

Fragments of a proton can be produced in several ways, e.g., recombinantly, by 
proteolytic digestion, or by chemical synthesis. Internal or terminal fragments of a 
polyp^tide can be generated by removing one or more nucleotides from one end (for a 
terminal fragment) or both ends (for an internal fragment) of a nucleic acid which encodes 
the polypeptide. Ei^ression of tiie mutagenized DNA produces polypeptide fragments. 
Digestion witii "end-nibbling" endonucleases can tims generate DNA's which encode an 
array of fragments. DNA's which encode fragments of a piotdn can also be generated by 
random shearing, restriction digestion or a combmation of the above-discussed metiiods. 



29- 



wo 01/74164 



PCT/USOl/10164 



Fragments can also be chemically synthesized using techniques known in the art such 
as conventional Meirifield solid phase f-Moc or t-Boc chemistry. For example, peptides of 
the present invention may be aibitrarily divided mto fragments of desired length with no 
overly of the fragmente, or divided into ovrarlapping fragments of a desired length. 

fiAnArptinn nf Atlflln ps: Productiop of Altered DNA and Peptide Seque^ip gs by 
Random Methods 

Anuno acid sequaoce variants of a protein can be pr^ared by random mutagenesis of 
DNA which encodes a piotdn or a particular domain or region of a protdn. Useftil metiiods 
molude PGR. mutageneaa and saturation mutagenesis. A library of random amino acid 
seqaawe variants can also be generated by the synthesis of a set of degenerate 
oligonucleotide sequences. (Metiiods for soreening protdns in a library of variante are 
elsewhere herein.) 

PGR Mutagenesis 

In PGR mutagenesis, reduced Taq polymerase fidelity is used to mtroduce random 
mutations mto a cloned fragment of DNA (Leung et al., 1989, Technique 1:11-15). This is a 
very powerftil and relatively rapid method of introducing random mutations. The DNA 
region to be mutagenized is amplified using the polymerase chain reaction (PGR) under 
conditions tiiat reduce the fidelity of DNA synthesis by Taq DNA polymerase, e.g., by using 
a dGTP/dATP ratio of five and adding Mn2+ to tiie PGR reaction. The pool of amplified 
DNA fragments are inserted into approfaiate cloning vectors to provide random mutant 
libraries. 

Saturation Mutagenesis 

Saturation mutagettesis allows for iSae rapid introduction of a large number of single 
base substitutions mto doned DNA fragments (Mayers et aL, 1985, Science 229:242). This 
technique includes ^naration of mutations, e.g., by chemical treatinent or irradiation of 
smgle-sti-anded DNA tn vitro, and syntiiesis of a complimentary DNA strand. The mutation 
frequency can be modulated by modulating tiie severity of the treatment, and essentially all 
possible base substitutions can be obtained. Because tins procedure does not involve a 
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genetic selection for mutant fragments both neutral substitutions, as well as those that alter 
fimctioD, are obtained. The distribution of point mutations is not biased toward conserved 
sequence elements. 

Degenerate Oligonucleotides 

A library of homologs can also be gei^ated from a set of degenerate oligonucleotide 
sequences. Chemical synlhesis of a degajerate sequences can be carried out ui an automatic 
DNA synthesizer, and tit»e synthetic genes then ligated into an appropriate exjaresaon vector. 
The qraJliesis of degenerate oligonucleotides is known in the art (see for example, Narang, 
SA(1983) Tetrahedron 39:3; Itakura et al. (1981) Recombinant DNA, Proc 3rd Cleveland 
Sympos. Macromolecules, ed. AG Walton, Amsterdam: Elsevier pp273-289; lakura et al. 
(1984) Amu. Rev. Biochem. 53:323; Itakura et al. (1984) Science 198: 1056; Ike et al. (1983) 
Nucleic Acid Res. 1 1 :477. Such techniques have been employed m the directed evolution of 
other proteins (see, for example, Scott et al. (1990) Science 249:386-390; Roberts et al. 
(1992) PNAS 89:2429-2433; Devlin et al. (1990) Science 249: 404-406; Cwirla et al. (1990) 
PNAS 87: 6378-6382; as well as U.S. Patents Nos. 5,223,409, 5,198,346, and 5,096,815). 

Generation of Analogs: Production of Altered DNA and Peptide Sequences by 
Directed Mutagenesis 

Non-random or directed, mutagenesis techniques can be used to provide specific 
sequences or mutations in specific regions. These techniques can be used to create variants 
which include, e.g., deletions, msertions, or substitutions, of residues of the known amino 
acid sequence of a protdn. The sites for mutation can be modified individually or in series, 
e.g., by (1) substituting first with conserved amino acids and tiien with more radical choices 
depending upon results achieved, (2) ddeting the target readue, or (3) inserting residues of 
the same or a dififerent class adjacent to the located site, or combinations of options 1-3. 

Alanine Scanning Mutagenesis 

Alanine scamiing mutagenesis is a usefol method for identification of certain residues 
or regions of the desired protein that are preferred locations or domains for mutagenesis, 
Cunningham and Wells (Science 244:1081-1085, 1989). In alanine scanning, a residue or 
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group of target residues are identified (e.g., charged residues such as Arg, Asp, His, Lys, and 
Glu) and replaced by a neutral or negatively charged amino acid (most preferably alanine or 
polyalanine). Replacement of an ammo acid can affect the interaction of the amino acids 
with the surrounding aqueous envkoimient in or outaide the cell. Those domains 
demonstrating fimctional sensitivity to the substitutions are then refined by introducing 
ftirther or other variants at or for the sites of substitution. Thus, while the site for introdudng 
an amino acid sequence variation is predetermined, the nature of the mutation per se need not 
be predetermined. For esample, to optimize the performance of a mutation at a given site, 
alanine scanning or random mutagenesis may be conducted at the target codon or region and 
the e^ressed desired protein subunit variants are screened for the optimal combination of 
desired activity. 

Oligonucleotide-Mediated Mutagenesis 

Oligonucleotide-mediated mutagenesis is a useful method for preparing substitution, 
deletion, and insertion variants of DNA, see, e.g., Adelman et al., (DAM 2:183, 1983). 
Briefly, the desired DNA is altered by hybridizing an oligonucleotide encoding a mutation to 
a DNA template, where the template is the single-stranded form of a plasmid or 
bacteriophage containing the unaltered or native DNA sequence of the desired protem. After 
hybridization, a DNA polymerase is used to synthesize an entire second complementary 
strand of the template that will thus incorporate the oligonucleotide primer, and will code for 
the selected alteration in the desired protein DNA. Generally, oUgonucleotides of at least 25 
nucleotides in length are used. An optimal oligonucleotide will have 12 to 15 nucleotides 
timt are completely complementary to the template on either side of tiie nucleotide(s) coding 
for the mutation. This ensures that the oligonucleotide will hybridize properly to the single- 
stranded DNA template molecule. The oligonucleotides are readily synthesized usmg 
techniques known in the art such as that described by Crea et al. {Proc. Natl Acad Set. USA, 
75: 5765[1978]). 

Cassette Mutagenesis 

Another method for preparing variants, cassette mutagenesis, is based on the 
technique described by Wells et al. {Gene, 34:315[1985]). The starting material is a plasmid 
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(or other vector) which includes the protein subunit DNA to be mutated. The codon(s) m the 
proteui subunit DNA to be mutated are identified. Thra-e must be a unique restriction 
endormclease site on each side of the identified mutation site(s). If no such restriction sites 
exist, they may be genmted usmg the above-described oligonucleotide-mediated 
mutagenesis method to mtroduce them at appropriate locations in the desured protein subunit 
DNA. Aftra: the restriction sites have beaa introduced into tte plasmid, the plasmid is cut at 
these sites to linearize it A double-stranded oligonucleotide encoding the sequence of the 
DNA between the re^iiction sites but containing the deared mutation(s) is synthe«Mzed usmg 
standard procedures. The two strands are synthesized separately and then hybridized 
togetiber usmg standard techniques. This double-stranded oligonucleotide is referred to as tiie 
cassette. This cassette is designed to have 3' and 5' ends that are comparable wifli the ends of 
the linearized plasmid, such that it can be directfy Ugated to tiie plasmid. This plasmid now 
contains the mutated deared protem subunit DNA sequence. 

Combinatorial Mutagenesis 

Combmatorial mutagenesis can also be used to generate mutants. For example, the 
amino acid sequences for a group of homologs or other related proteins are aligned, 
preferably to promote the highest homology possible. All of the amino acids which appear at 
a ^ven position of the aligned sequences can be selected to create a degenerate set of 
combinatorial sequences. The variegated library of variants is generated by combinatorial 
mutagmesis at the nucleic acid level, and is encoded by a variegated gene library. For 
example, a mfacture of synthetic oligonucleotides can be enzymaticaUy ligated into gene 
sequaaces such that the degenerate set of potential sequences are expressible as individual 
peptides, or alternatively, as a set of larger fusion proteuis containing tiie set of degenerate 
sequences. 

primary Hieh-Thtouph-Put Mefliod s for Screening Libraries of Peptide Fiasments or 
Homologs 

Various techniques are known in the art for screening generated mutant geae 
products. Techniques for screening large gene Ubraries often include cloning the gene Hbrary 
into rc^licable expression vectors, transforming appropriate cells witii the resulting library of 
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vectors, and expressing the genes under conditions in wMch detection of a desired activity, 
assembly into a trimeric molecules, binding to natural ligands, e.g., a Frz receptor or 
substrates, facilitates relatively easy isolation of the vector encoding the gene whose product 
was detected. Each of the techniques described below is amenable to high through-put 
analysis for screening large numbers of sequences created, e.g., by random mutagenesis 
techniques. 

Two Hybrid Systems 

Two hybrid (interaction trap) assays can be used to identify a protein that interacts 
with Wnt. These may include agonists, superagonists, and antagonists. (The subject protem 
and a protein it interacts with are used as the bait protem and fish proteins.). These assays 
rely on detecting the reconstitution of a fonctional transcriptional activator mediated by 
protein-protein interactions with a bait protem. In particular, these assays make use of 
chimeric genes which express hybrid proteins. The first hybrid comprises a DNA-binding 
domain fused to the bait protem. e.g., a Wnt molecule or a fi-agment thereof The second 
hybrid protein contains a transcriptional activation domain fused to a "fish" protein, e.g. an 
expression library. If the fish and bait proteins are able to interact, they bring into close 
proxhnity the DNA-binding and transcriptional activator domains. This proximity is 
sufficient to cause transcription of a reporter gene which is operably linked to a 
transcriptional regulatory site which is recognized by the DNA binding domain, and 
expression of the marker gene can be detected and used to score for tiie interaction of the bait 
protein with another protem. 

Display Libraries 

In one approach to screening assays, the can(fidate peptides are displayed on the 
surfece of a cell or viral particle, and the ability of particular cells or viral particles to bind an 
appropriate receptor protem via the displayed product is detected in a "panning assay". For 
example, the gene library can be cloned into the gene for a surface membrane protein of a 
bacterial cell, and tiiie resulting fiision protein detected by pannmg (Ladner et al., WO 
88/06630; Fuchs et al. (1991) Bio/Technology 9:1370-1371; and Goward et al. (1992) UBS 
18:136-140). In a similar fashion, a detectably labeled ligand can be used to score for 
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potentially ftmctional peptide homologs. Fluorescently labeled ligands, e.g., receptors, can 
be used to detect homolog which retain ligand-binding activity. The use of fluorescently 
labded ligands, allows cells to be visually inspected and separated under a fluorescence 
miCTOscope, or, where Ihe morphology of the cell permits, to be separated by a fluorescence- 
activated cell sorter. 

A gene library can be expressed as a fiision protdn on the sur&ce of a viral particle. 
For instance, in the filamentous phage system, fordgn peptide sequences can be expressed on 
the suifece of infectious phage, thereby confaring two significant benefits. First, since these 
phage can be applied to afiSnity matrices at concentrations well over 10l3 phage per 
milliliter, a large numb«- of phage can be screened at one time. Second, since each 
infectious phage displays a gene product on its surface, if a particular phage is recovered 
from an affinity matrix in low yield, the phage can be amplified by another round of 
infection. The group of almost identical E colt filamentous phages M13, fd., and fl are most 
often used in phage display Ubraries. Either of the phage gOI or gVIE coat proteins can be 
used to generate fusion proteins without disrupting the ultimate packa^g of the vkal 
particle. Foreign epitopes can be expressed at the NB2-terminal end of pM and phage 
bearing such epitopes recovered from a large excess of phage lacking tiiis epitope (Ladner et 
al. PCT pubUcation WO 90/02909; Garrard et al., PCT pubUcation WO 92/09690; Marks et 
al. (1992) J. Biol. Chem 267:16007-16010; Griffiths et al. (1993) EMBO J 12:725-734; 
Clackson et al. (1991) Nature 352:624-628; and Barbas et al. (1992) PNAS 89:4457-4461). 

A common approach uses the maltose receptor of JE. coU (the outer membrane 
protein, LamB) as a peptide fosion partner (Charbit et al. (1986) EMBO 5, 3029-3037). 
Oligonucleotides have hmi mserted into plasmids encoding the LamB gene to produce 
peptides fused into one of tiie exti-acellular loops of tiie protduL These peptides are available 
for Wnding to ligands, e.g., to antibodies, and can elicit an immune response when the cells 
are ^ministered to anunals. Otiier cell surfece proteins, e.g., OmpA (Schorr ^ al. (1991) 
Vaccines 91, pp. 387-392), PhoE (Agteiberg, et al. (1990) Gem 88, 37-45), and PAL (Fuchs 
et al. (1991) Bio/Tech 9, 1369-1372), as wdl as large bactoial surfiice structures have served 
as vehicles for peptide display. Peptides can be fiised to pilin, a protein which polymerizes to 
form the pilus-a conduit for interbacterial exchange of genetic information ClWiy et al. 
(1989) Appl Environ. Microbiol. 55, 984-993). Because of its role in interacting witii other 
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cells, the pUus provides a useful support for the presentation of peptides to the extracellular 
environment. Another large surfece structure used for peptide display is the bacterial motive 
organ, the flagellum. Fuaon of peptides to the subunit protein flagellin offers a dense array 
of may peptides copies on the host cells (Kowajima et al. (1988) Bio/Tech. 6, 1080-1083). 
Svufece proteins of other bacterial species have also served as p^de fiision partners. 
Examples include the SUphyhcoccus protdn A and the outw membrane protease IgA of 
Neisseria (Hansson et al. (1992) J. BacterioL 174, 4239-4245 and Klauser et aL (1990) 
EMBOJ. 9, 1991-1999). 

Itt the filamatttous phage systems and the LamB systan described above, the physical 
link between the peptide and its encoding DNA occurs by Ihe containment of the DNA 
witWn a particle (cell or phage) that carries the peptide on its surface. Capturing the peptide 
captures tiie particle and tiie DNA within. An altemative schrane uses tiie DNA-binding 
protein LacI to form a link between peptide and DNA (Cull et al. (1992) PNAS USA 
89: 1865-1869). This system uses a plasmid containing the Lad gene with an oligonucleotide 
cloning site at its 3'-end. Under tiie controlled induction by arabinose, a Lacl-pqptide fiision 
protein is produced. This fusion retains the natural ability of LacI to bind to a diort DNA 
sequence known as LacO operator (LacO). By installing two copies of LacO on the 
expression plasmid, the Lacl-peptide fusion binds tightly to the plasmid that encoded it. 
Because tiie plasraids in each ceU contain only a single oligonucleotide sequence and each 
' cell expresses only a single peptide sequence, the peptides become specifically and stably 
associated with the DNA sequence tiiat directed its synthesis. The cells of tiie hbrary are 
gentiy lysed and the peptide-DNA complexes are exposed to a matrix of immobilized 
rector to recover the complexes containing active peptides. The associated plasmid DNA 
is then reintroduced into cells for amplification and DNA sequencing to determine the 
identity of tiie peptide li^ds. As a demonstration of the practical utiOlity of the method, a 
large random library of dodecapeptides was made and selected on a monoclonal antibody 
raised against the opioid peptide dynorphin B. A cohort of pep&des was recovered, all 
related by a consenais sequence correspondmg to a sbc-resLdue portion of dynorphin B. (Cull 
et aL (1992) Proc. NaiLAcqcL Set U.SA. 89-1869) 

This scheme, sometimes referred to as peptides-on-plasmids, differs in two important 
ways from the phage display mefliods. First, tiie peptides are attached to the C-iOToinus of 
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the fiifflon protein, resulting in the display of the library members as peptides having free 
carboxy termini. Both of the fflamentous phage coat proteins, pIU and pVni, are anchored to 
the phage throu^ their O-termmi, and the guest peptides are placed mto the outward- 
©ctendingN-tenmnal domains. In some deagns, the phage-displayed peptides are presented 
right at the amino terminus of the fUsion protaa (Cwirla, et aL (1990) Proc. Natl. Acad. Set. 
U.SjL 87, 6378-6382) A second difference is the set of biological biases affectmg the 
population of peptides actually present m the libraries. The LacI fusion molecules are 
confined to fhe cytoplasm of the host cells. The phage coat fusions are exposed briefly to the 
cytaphsm during translation but are rq)idly secreted throu^ the inner membrane into the 
periplasmic compartment, remaining anchored in the membrane by then- C-temunal 
hydrophobic domains, with the N-termini, containing the pe|rtides, protruding into the 
periplasm while awaiting assembly mto phage particles. The peptides m the Lad and phage 
libraries may differ significantly as a reailt of their e3q)OSureto different proteolytic 
activities. The phage coat protems require transport across the mner membrane and signal 
peptidase processing as a prelude to incorporation mto phage. Certain peptides exert a 
deleterious effect on these processes and are underrepresented in the libraries (Gallop et al. 
(1994) J. Med Chem. 37(9): 1233-1251). These particular biases are not a factor m the Lad 
display system. 

The number of small peptides available in recombinant random libraries is enormous. 
Libraries of lO^-lO^ independent clones are routinely prepared. Libraries as large as 10" 
recombmants have been created, but this size approaches the practical Umit for clone 
libraries. This Umitation in library size occurs at the step of transforming the DNA 
containing randomized segments into tiie host bacterial cells. To circumvent this Umitation, 
am in vitro system based on the display of nascent peptides in polysome complexes has 
recentfy been developed. This display library method has the potential of producing Ubraries 
3-6 orders of magnitude larger tiian tiie currently available phage/phagemid or plasmid 
libraries. Furthermore, tiie construction of the libraries, expression of the peptides, and 
saieeoing, is done in an entirely cell-firee jfoimat. 

In one appUcation of tins mefliod (Gallop et al. (1994) J. Med Chem. 37(9): 1233- 
125 1), a molecular DNA library encodmg lO^^ decapeptides was constmcted and the Ubrary 
expressed m an£. coU S30 in vitro coupled transcription/translation system. Conditions 
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were chosen to stall the ribosomes on the mRNA, causing the accumulation of a substantial 
proportion of the BNA in polysomes and yielding complexes containing nascent peptides still 
linked to their encoding BNA. The polysomes are sufBcieotly robust to be afiBnity purified 
on immobilized receptors in much the same way as the more cranventional recombinant 
peptide display libraries are screened. KNA from the bound complexes is recovered, 
converted to cDNA, and amplified by PGR to produce a t^nplate for the next round of 
^nith^ and screening. The polysome display method can be coupled to the phage display 
system. Following several rounds of screening, cDNA from the enriched pool of polysomes 
was doned mto a phagemid vector. This vector serves as bofli a peptide ejq)ression vector, 
displaymg peptides ftised to the coat protdns, and as a DNA sequencing vector for peptide 
identification. By expressmg the polysome-derlved peptide on phage, one can wthsv 
continue tiie afiBnity selection procedure in tiiis format or assay tiie peptides on individual 
clones for binding activity in a phage m^ISA, or for binding specificity in a completion 
phage ELISA (Barret, et al. (1992) Ami. Biochem 204,357-364). To identify tiie sequences 
of the active peptides one sequences the DNA produced by the phagemid host 

Secondary Screens 

The high through-put assays described above can be followed by secondary screens In 
order to identify further biological activities which will, e.g., allow one skilled in the art to 
differentiate agonists from antagonists. The type of a secondary screen used wUl depend on 
the desired activity that needs to be tested. For example, an assay can be developed in which 
tiie ability to mhibit an interaction between a protein of interest and its respective ligand can 
be used to identify antagonists from a ^oup of peptide fragments isolated tixough one of tiie 
primary screens described above. 

Therefore, mefliods for generating fragments and analogs and testing tiiem for activity 
are known in tiie art Once the core sequence of mterest is identified, it is routine to perform 
for one skilled in the art to obtain analogs and fragments. 

The mvention also provides for reduction of the protdn bindmg domains of the 
subject Wnt polypeptides to generate mimetics, e.g. peptide or non-peptide agents. See, for 
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emnph, "Peptide inhibitors of human papillomaviras protein binding to retinoblastoma gene 
protein" European patent applications EP-412,762A and EP-B31,080A. 

Non-hydrolyzable peptide analogs of critical residues can be generated using 
benzodiazepine (e.g., seeFrddinger et aL mPeptides: Chemistry and Biology, G.R. MarshaU 
ed., ESCOM Publishen Leiden, Netherlands, 1988), azepine (e.g., see Huffinan et al. in 
Peptides: Chemistry and Biology, G.R. Manaiall ed., ESCOM Publisher: Leiden, 
Nethralands, 1988), substituted gama lactam rings (Garvey et al. mPepUdes: Chemistry and 
Biology, G.R. MarshaU ed., ESCOM PubUsher: Leiden, Netherlands, 1988), keto-methylene 
pseudopeptides (Ewenson et aL (1986) JMedChem 29:295; and Ewenson et al. mPeptides: 
Structure and Function (Proceedings of the 9th American Peptide Symposium) Pierce 
Chemical Co. RocMand, JL, 1985), p-tum dipeptide cores (Nagai et al. (1985) Tetrahedron 
Lett 26:647; and Sato et al. (1986) JChem SocPerkin li-ans 1:1231), and P-aminoalcohoIs 
(Gordon et al. (1985) Biochem Biophys Res Communl26Al9; and Dann et al. (1986) 
BiochemBiopfysRes Commun 134:71). 

Fusion Proteins 

Polypeptides for modulating the level of Wnt protein can be fused to another protehi 
or portion thereof For example, a Wnt protein or portion thereof such as the Frizzled 
binding portion of Wnt, can be operably linked to another polypeptide moiety to enhance 
sohibility. Examples of a proteui which can be fiised with Wnt or portions thereof include a 
plasma protean or fragment tiiereo^ which can improve the circulating half life of Wnt. For 
example, tiie fusion protdn can be a Wnt-immunoglobulin (Ig) fusion protein in which tiie 
Wnt sequence is fUsed to a sequence derived from tiie immunoglobulin superfemily. Several 
soluble ftision protein constructs have beatt disclosed wheran the extracellular domain of a 
cell surface glycoprotein is fused witii the constant F(c) region of an immunoglobulin. For 
example. Capon et aL (1989) Nature 337(9):525-531, provide guidance on generating a 
longer lasting CD4 analog by fusing CD4 to an unmunoglobulin (EgGl). See also. Capon et 
al., U.S. Patent Numbers: 5,116,964 and 5,428,130 (CD4-IgG fusion constructs); Linsley et 
al., U.S, Patent Number 5,434,131 (C'nA4-IgGl and B7-lgGl ftision constructs); Linsley et 
al. (1991) J. Exp. Med. 174:561-569 (CrLA4-IgGl fiision constructs); and Linsley et al. 
(1991) J. Exp. Med 173:721-730 (CD28-IgGl and B7-IgGl fiision constructs). Such fiision 
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proteins have proven usefiol for modulating receptor-ligand interactions and reducing 
inflammation in vivo. For example, fusion proteins in which an extracellular domain of cell 
surface tumor necrosis factor receptor (TNFR) protems has been fused to an immunoglobulin 
constant (Fc) region have been used in vivo. See, for excmple, Moreland et at (1997) K 
Engl. J.Med 337(3):141-147;and, vanderPoUe?flr/. (1997)J?too^89(10):3727-3734). 

Antibodies 

The invention also includes antibodies specifically reactive with a subject Wnt 
polypeptides or Frizzled as well as antibodies specifically reactive with other proteins of the 
Wnt-p-catenin signaling pathway, e.g., intrabodies. Anti-protein/anti-peptide antisera or 
monoclonal antibodies can be made as described herein by using standard protocols (See, for 
example, Antthodies: A Laboratory Manual ed. by Harlow and Lane (Cold Spring Harbor 
Press: 1988)). 

A Wnt protem, or a portion or fragment thereoi^ can be used as an immunogen to 
generate antibodies that bmd Wnt using standard techniques for polyclonal and monoclonal 
antibody preparation. The full-length Wnt protein can be used or, alternatively, antigenic 
peptide fragments of Wnt can be used as immunogens. 

Typically, Wnt or a Wnt peptide is used to prepare antibodies by immunizing a 
suitable subject, (e.g., rabbit, goat, mouse or other mammal) with the immunogen. An 
appropriate umnunogenic preparation can contain, for example, a recombiaant Wnt peptide, 
or a chemically synthesized Wnt peptide. See, e.g., U.S. Patent No. 5,460,959; and co- 
pending U.S. appUcations USSN 08/334,797; USSN 08/23 1,439; USSN 08/334,455; and 
USSN 08/928,881 which are hereby expressly incorporated by reference m their entirety. 
The nucleotide and amino acid sequences of Wnt are known and described, for example, in 
Vant Veer et al. (1984) MoL Cell. BioL 4:2532-2534, Gavin et al. (1992) Gene Dev. 4:23 19- 
2332; Lee et al. (1995) Proc. Natl Acad. Sci USA 92:2268-2272; Christiansen et al. (1995) 
Meek Dev. 51:341-350, Wamwright et al. (1988) EMBO J. 7:1743-1748; and, PCT 
Publication WO 95/17416. The nucleotide and amino acid sequence of other members of the 
Wnt-P-catenin signal pathway are also known. The preparation can forther include an 
adjuvant, such as Freund's complete or incomplete adjuvant, or sunilar immunostimulatory 
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agent. Immxiiuzation of a suitable subject with an immunogenic Wnt preparation induces a 
polyclonal anti-Wnt antibody response, 

Anti-Wnt antibodies or fragments thereof can be used to inhibit the levels of Wnt 
protein. Examples of anti-Wnt antibody fragments include F(v), Fab, Fab' and F(ab*)2 
fragments which can be generated by treating the antibody with an enzyme such as pepsm. 
The tenn "monoclonal antibody" or "monoclonal antibody composition", as used herem, 
refers to a population of antibody molecules that contain only one species of an antigen 
bmdng site capable of immunoreacting with a particular epitope of Wnt. A monoclonal 
antibody composition thus typically displays a sm^e bmding aflEkuty for a particular Wnt 
protdn with which it unmunoreacts. 

Additionally, anti-Wnt antibodies produced by genetic engineering metiiods, such as 
chimeric and humanized monoclonal antibodies, comprising both human and non-human 
portions, which can be made using standard recombmant DNA techniques, can be used. 
Such chimeric and humanized monoclonal antibodies can be produced by genetic 
engineering using standard DNA techniques known in the art, for example usmg methods 
described inRobmson et al. International Application No. PCT/US86/02269; Akira, et al. 
European Patent Application 184,187; Taniguchi, M., European Patent Application 171,496; 
Morrison et al. European Patent Application 173,494; Neuberger et al. PCX International 
Publication No. WO 86/01533; Cabilly et al. U.S. Patent No. 4,816,567; Cabilly et al. 
European Patent Application 125,023; Better et al.. Science 240:1041-1043, 1988; Liu et al., 
PNAS 84:3439-3443, 1987; Liu et al., 1 Immunol 139:3521-3526, 1987; Sun et al. PNAS 
84:214-218, 1987; Nishimura et al., Cane. Res. 47:999-1005, 1987; Wood et al.. Nature 
314:446-449, 1985; and Shaw et al., J. Natl. Cancer Inst. 80:1553-1559, 1988); Morrison, S. 
L., Science 229:1202-1207, 1985; Qi et al., BioTechniques 4:214, 1986; Winter U.S. Pafcent 
5,225,539; Jones et al.. Nature 321:552-525, 1986; Verhoeyan et al.. Science 239:1534, 
1988; and Beidler et al., J. Immunol 141:4053-4060, 1988. 

In addition, a human monoclonal antibody dkected against Wnt can be made usmg 
standard techniques. For example, human monoclonal antibodies can be generated m 
transgenic mice or in immune deficient mice engrafted with antibody-produdng human cells. 
Methods of generating such mice are describe, for example, in Wood et al. PCT publication 
WO 91/00906, Kucheriapati et al. PCT publication WO 91/10741; Lonberg et al. PCT 
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pubKcation WO 92/03918; Kay et al. PCT publication WO 92/03917; Kay et al. PCT 
publication WO 93/12227; Kay et al. PCT publication 94/25585; Rajewsky et al. Pet 
publication WO 94/04667; DituUio et al. PCT publication WO 95/17085; Lonberg, N. et al. 
(1994) Nature 2M:856-859; Green, L.L. et at (1994) Nature Genet. 7:13-21; Morrison, SX. 
et al. (1994) Proc. NaO. Acad. Sci. USA §1:6851-6855; Braggeman et al. (1993) Tear 
Immunol l:33-40; Choi et al. (1993) Nature Genet. 1:117-123; Tuaillon et al. (1993) PNAS 
90:3720-3724; Bruggeman et al. (1991) Eur J Immunol 21:1323-1326); Duchosal et al. PCT 
pubUcation WO 93/05796; U.S. Patent Niimber 5,41 1,749; McCune et al. (1988) Science 
241:1632-1639), Kamd-Reid et al. (1988) Science 2^:1706; Spanopoulou (1994) Genes & 
Development ^.1030-1042; Shinkai etaL (1992) Ce//6S:855-868). A human antibody- 
transgffliic mouse or an unmune deficient mouse engrafted with human antibody-producing 
cells or tissue can be immunized witii Wnt or an antigenic Wnt peptide and splenocytes from 
these immunized mice can then be used to create hybridomas. Methods of hybtidoma 
production are well Imown. 

Human monoclonal antibodies against Wnt can also be prepared by constructing a 
combinatorial immunoglobulin library, such as a Fab phage display library or a scFv phage 
display library, usmg immunoglobulin light chain and heavy chain cDNAs prepared from 
mRNA derived from lymphocytes of a subject. See, e.g., McCafferty et al. PCT publication 
WO 92/01047; Marks et al. (1991) J. Mol. Biol. m:581-597; and Grifflhs et al. (1993) 
EMBO /12:725-734. In addition, a combinatorial library of antibody variable regions can 
be gaierated by mutatmg a known human antibody. For example, a variable region of a 
human antibody known to bind Wnt, can be mutated, by for example using randomly altered 
mutagmzed oligonucleotides, to generate a Ubrary of mutated variable regions which can 
thaa be screened to bind to Wnt. Metiiods of inducing random mutagenesis withm the CDR 
regions of immunoglobin heavy and/or light chams, methods of crossmg randomized heavy 
and light chains to form pahings and sareening methods can be found m, for erample, Barbas 
et aL PCT pubUcation WO 96/07754; Baibas et aL (1992) Proc Nat'l Acad Sd. USA 
82:4457-4461. 

The immunogldnjlin library can be expressed by a popilation of di^lay packages, 
preferably derived from filamentous phage, to form an antibody display library. Examples of 
mefliods and reagents particularly amenable for use in generating antibody display library 
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can be found in, for example, Ladner et al. U.S. Patent No. 5,223,409; Kang et al. PCX 
publication WO 92/18619; Dower et al. PCX publication WO 91/17271; Winter et al. PCX 
publication WO 92/20791; MarMand et aL PCX pubUcation WO 92/15679; Breitling et al. 
PCT publication WO 93/01288; McCafferty et al. PCX publication WO 92/01047; Gairard et 
al. PCT pubUcation WO 92/09690; Ladner et aL PCT pubUcation WO 90/02809; Fuchs et al. 
(1991)Bio/TechnoIogyS:AS70-1372;lMy 31.(1992) Him AMbodHybridcm^ 
Huse et al. (1989) Science 246:1275-1281; Griffths et al. (1993) supra; Hawkins et al. (1992) 
JMo/ jKo/m889-896; Clackson et al. (1991) Nature 352:624-628; Gram et at (1992) 
iWi45M:3576-3580; Gatrad et al. (1991) ^to/Tec/wo/ogy 2:1373-1377; Hoogenboom et aL 
(1991) Nuc Acid Res 12:4133-4137; and Baibas et al. (1991) PNAS M:7978-7982. Once 
di^layed on tiie surfece of a display packa^ (e.g., filamentous phage), the antibody Ubrary 
is screened to identify and isolate packages that express an antibody that binds Wnt. In a 
preferred embodiment, the primary screening of the Ubrary mvolves panning with an 
immobilized Wnt and display packages expressmg antibodies that bind immobilized Wnt are 
selected. 

Antisense Wnt Nucleic Acid Sequences 

Nucleic acid molecules which are antisense to a nucleotide encoding Wnt can be used 
as an ^ent which inhibits Wnt expression. An "antisense" nucleic acid includes a nucleotide 
sequence which is complementary to a "sense" nucleic acid encoding Wnt, e.g., 
coni4>lementary to the co^g strand of a double-stranded cDNA molecule or complementary 
to an mRNA sequence. Accordingly, an antisense nucleic acid can form hydrogen bonds 
wifli a sense'nucleic add. The antisense nucleic acid can be complementary to an entire Wnt 
coding strand, or to only a portion thereof For example, an antisense nucleic add molecule 
wMdi antisense to tiie "codmg region" of the codmg strand of a nucleotide sequence 
encoding Wnt can be used. 

The coding strand sequences encoding Wnt are known. For example, at least 7 Wnt 
genes have been identified m human (Wnt-1, 2, 3, 4, 5a, 7a and 7b). See, e.g., Vant Veer et 
al. (1984) MoL Cell. BioL 4:2532-2534, Gavm et al. (1992) Gene Dev. 4:2319-2332; Lee et 
al. (1995) Proc. Natl Acad. Sci USA 92:2268-2272; Christiansen et al. (1995) Meek Dev. 
51:341-350, Wainwright et al. (1988) EMBO J. 7:1743-1748; and, PCT PubUcation WO 
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95/17416. Given the coding strand sequences encoding Wnt, antisense nucleic acids can be 
designed according to the rules of Watson and Crick base pairing. The antisense nucleic acid 
molecule can be complementary to the entire coding region of Wnt mRNA, but more 
preferably is an oligonucleotide which is antisense to only a portion of the coding or 
noncoding region of Wnt mKNA. For example, the antisense oligonucleotide can be 
coinplementary to the region surrounding the translation start site of Wnt mKNA. An 
antisense oligonucleotide can be, for example, about 5, 10, 15, 20, 25, 30, 35, 40, 45 or 50 
nucleotides in length. An antisense nucleic acid can be constructed using chemical synthesis 
and en2ymatic ligation reactions using procedures known in the art. For example, an 
antisense nucleic acid (e.g., an antisense oligonucleotide) can be chemically synttiesized 
using naturally occurring nucleotides or variously modified nucleotides designed to increase 
the biological stability of the molecules or to increase the physical stability of the duplex 
formed between the antisense and sense nucleic acids, e.g., phosphorothioate derivatives and 
acridine substituted nucleotides can be used. Examples of modified nucleotides which can be 
used to generate the antisense nucleic acid include S-fluorouradl, 5-bromouradl, 5- 
chlorouracil, 54odouracil, hypoxanthine, xanthine, 4-acetylcytosine, 5- 
(carboxyhydroxylmethyl) uracil, 5-carbo?iymethylaniinomethyl~2-thiouridine, 5- 
carboxymethylaminomethyluracil, dihydrouracil, beta-D-galactosylqueosine, inosine, N6- 
isopentenyladenine, 1-methylguanine, 1-methylinosme, 2,2-dimethylguamne, 2- 
methyladenine, 2-methylguanine, 3-methylcytosine, 5-metiiylcytosine, N6-adenine, 7- 
methylguanine, 5-methylaminometfiyluracil, 5-methoxyaminomethyl-2-thiouracil, beta-D- 
mannosylqueosine, 5 -methoxycarboxymethyluracil, 5-methoxyuracil, 2-methyithio~N6-' 
isopentenyladenme, uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracU, queosine, 2- 
thiocytosine, 5-methyl-2-thiouracil, 2-thiouraciI, 4-thiouracil, 5-metiiyluraciI, uraciI-5- 
oxyacetic add methylester, uracil-5-oxyacetic acid (v), 5-metiiyl-2-thiouracil, 3-(3-amino-3- 
N-2-carboxypropyl) uracil, (acp3)w, and 2,6-diaminopurine. Alternatively, the antisense 
nucleic acid can be produced biologically using an expression vector mto which a nucleic 
acid has been subcloned in an antisense orientation RNA transcribed from the inserted 
nucleic acid will be of an antisense orientation to atarget nucleic acid of mterest. 

Gene Therapy 
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The gene constructs of the invention can also be used as a part of a gene therapy 
protocol to deliver nucleic acids encoding either an agonistic or antagonistic form of a Wnt 
polypeptide. The mvention features expression vectors for in vivo transfection and 
expression of a Wnt polypeptide in particular cell types so as to reconstitute the function o:^ 
or alternatively, antagonize the fimction of a Wnt polypeptide in a cell in which that 
polypeptide is misexpressed. Expression constructs of Wnt polypeptides, may be 
administered in any biologically effective carrier, e.g. any formulation or composition 
capable of effectively delivering the Wnt gene to cells in vivo. Approaches include insertion 
of the subject gene in viral vectors including recombinant retroviruses, adenovirus, adeno- 
associated virus, and herpes simplex virus-l, or recombmant bacterial or eukaryotic 
plasmids. Viral vectors transfect cells directly; plasmid DNA can be delivered with the help 
o^ for example, cationic liposomes (lipofectin) or derivatized (e.g. antibody conjugated), 
polylysine conjugates, gratnacidin S, artificial viral envelopes or other such intracellular 
carriers, as well as durect injection of the gene construct or CaP04 predpitation carried out in 

vivo. 

A preferred approach for in vivo introduction of nucleic acid into a cell is by use of a 
viral vector containing nucleic acid, e.g. a cDNA, encoding a Wnt polypeptide. Infection of 
cells with a viral vector has the advantage that a large proportion of the targeted cells can 
receive the nucleic acid. Additionally, molecules encoded within the viral vector, e.g., by a 
cDNA contained in the viral vector, are expressed efficiently m cells which have taken up 
viral vector nucleic acid. 

Retrovirus vectors and adeno-associated vkus vectors can be used as a recombinant 
gene delivery system for the transfer of exogenous genes in vivo, particularly into humans. 
These vectors provide efficient delivery of genes into cells, and the transferred nucleic acids 
are stably mtegrated mto the chromosomal DNA of the host. The development of specialized 
cell lines (termed "packaging cells") which produce only replication-defective retroviruses 
has increased tiie utility of retrovkuses for gene therapy, and defective retroviruses are 
characterized for use m grae transfer for gene therapy purposes (for a review see Miller, 
A.D. (1990) Blood 76:271). A replication defective retrovirus can be packaged into virions 
which can be used to infect a target cell through the use of a helper virus by standard 
techniques. Protocols for producing recombinant retrovkuses and for infecting cells in vitro 
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or in vivo with such virases can be found m Current Protocols in Molecular Biology, 
Ausubel, FM et al. (eds.) Greene Publishing Associates, (1989), Sections 9.10-9.14 and 
other standard laboratory manuals. Examples of suitable retroviruses include pLJ, pZIP, 
pWE and pEM which are known to those skilled in the art. Examples of suitable packaging 
vmis lines for preparing both ecotropic and amphotropic retroviral systems include \|/Crip, y\f 
CxQ, ^2 and \|/Am. Retroviruses have been used to introduce a variety of genes into many 
different cell types, including epithelial cells, in vitro and/or tn vivo (see for example Eglitis, 
et al. (1985) Science 230: 1395-1398; Danes and MuUigan (1988) Proc. Natl Acad Set USA 
85:6460-6464; Wilson et al. (1988) Proc. Natl Acad. Set USA 85:3014-3018; Annentano et 
al. (1990) Proa Natl Acad Set USA 87:6141-6145; Huber et al. (1991) Proc, Natl Acad 
Set USA 88:8039-8043; Ferry et al. (1991) Proa Natl Acad Set USA 88:8377-8381; 
Chowdhury et al. (1991) Science 254:1802-1805; vanBeusechem et al. (1992) Proa Natl 
Acad Set USA 89:7640-7644; Kay et al. {\992) Human Gene Therapy 3:641-647; Dai et al. 
{1992) Proc. Natl Acad Sci. USA 89:1089240895; Hwuetal. (1993) J. Immmtol 150:4104- 
4115; U.S. Patent No. 4,868,116; U.S. Patent No. 4,980,286; PCT AppUcation WO 
89/07136; PCT Application WO 89/02468; PCT AppHcation WO 89/05345; and PCT 
AppUcation WO 92/07573). 

Another viral gene delivery system useful in the present invention utilizes 
adenovirus-derived vectors. The genome of an adenovirus can be manipulated such that it 
encodes and ejqpresses a gene product of interest but is inactivated in terms of its ability to 
replicate in a normal lytic viral life cycle. See, for example, Berkner et al. (1988) 
BioTechniques 6:616; Rosenfeld et al. (1991) Science 252:431^434; and Rosenfeld et al. 
(1992) Cell 68:143-155. Suitable adenoviral vectors derived from the adenovirus strain Ad 
type 5 dl324 or other strains of adenovirus (e.g., Ad2, Ad3, Ad7 etc.) are known to those 
skilled in the art. Recombmant adenoviruses can be advantageous in certain circumstances in 
that they are not capable of infecting nondividing cells and can be used to infect a wide 
variety of cell types, including epithelial cells (Rosenfeld et al. (1992) dted mq^ra). 
Furthermore, the virus particle is relatively stable and amenable to purification and 
concentration, and as above, can be modified so as to affect the spectrum of infectivity. 
Additionally, introduced adenoviral DNA (and foreign DNA contained therein) is not 
integrated mto the genome of a host cell but remains episomal, thereby avoiding potential 
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problems that can occur as a result of insertional mutagenesis in situ where introduced DNA 
becomes integrated into the host genome (e.g., retroviral DNA). Moreover, the carrying 
capacity of the adenoviral genome for foreign DNA is large (up to 8 kilobases) relative to 
other gene delivery vectors (Berkner et al. cited siq^ra; Haj-Ahmand and Graham (1986) /. 
Virol 57:267), 

Yet anotiher viral vector system use&l for delivery of the subject gene is the adeno- 
associated virus (AAV). Adeno-associated virus is a naturally occuning defective vnus that 
requires another virus, such as an adenovirus or a herpes virus, as a helper virus for efficient 
replication and a productive life cycle. (For a review see Muzyczka et al. (1992) Cmr, Topics 
inMicro. and Immunol 158:97-129). It is also one of the few viruses that may integrate its 
DNA into non-dividing cells, and exhibits a high frequency of stable integration (see for 
example Flotte et al. (1992) ^tw. J. Respir. Cell Mol Biol 7:349-356; Samulski et al. (1989) 
J. Virol 63:3822-3828; and McLaughlin et al. (1989) J. Virol 62:1963-1973), Vectors 
containing as little as 300 base pairs of AAV can be packaged and can integrate. Space for 
exogenous DNA is limited to about 4.5 kb. An AAV vector such as that described in 
Tratschin et al. (1985)Mo/. CellBiol 5:325 1-3260 can be used to introduce DNA into cells. 
A variety of nucleic acids have been introduced into different cell types usmg AAV vectors 
(see for example Hermonat et al. (1984) Proc, Natl Acad Sci USA 81:6466-6470; Tratschin 
et al, (1985) Mo/. Cell Biol 4:2072-2081; Wondisford et al. (1988) M?/. Endocrinol 2:32- 
39; Tratschin etal. (1984)J. Virol 51:611-619; and Flotte etal. {l993)J.Biol Chem. 
268:3781-3790). 

In addition to viral transfer methods, such as those illustrated above, non-viral 
methods can also be employed to cause expression of a Wnt polypeptide in the tissue of an 
animal. Most nonviral methods of gene transfer rely on normal mechanisms used by 
mammalian cells for the uptake and intracellular transport of macromolecules. In preferred 
embodiments, non-viral gene delivery systems of the present invention rely on endocytic 
pathways for the uptake of the subject Wnt gene by the targeted cell. Exemplary gene 
delivery systems of this type include liposomal derived systems, poly-lysme conjugates, and 
artificial viral envelopes. 

In a representative embodiment, a gene encoding a Wnt polypeptide can be entrapped 
in liposomes bearing poart:ive charges on their surface (e.g., lipofectins) and (optionally) 
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which are tagged with antibodies against cdl surface antigens of the target tissue (Nfizuno et 
aL (1992) No SMnkei Geka 20:547-551; PCT pubUcation WO91/06309; Japanese patent 
application 1047381; and European patoit publication EP-A-43075). 

In clinical settings the gene delivay systems for the tha^eutic Wnt gene can be 
introduced into a patient by any of a numbra- of metiiods, eadi of which is fenuliar in the art. 
For instance, a pharmaceutical preparation of the gene delivery system can be introduced 
systatnically, e.g, by intravenous injection, and specific transduction of the piotan in the 
tar^ cells occurs pre&jminantly from spedficity of transfection pro\ided by the gene 
delivery vehicle, cell-type or tissue-type expression due to the transcriptional r^platoiy 
sequences controllmg expression of the reenter gene, or a combmation thereof. In other 
embodiments, initial delivery of the recombinant gene is more limited Mwtii introduction into 
the animal being quite localized. For example, the gene delivery vehicle can be introduced 
by catheter (see U.S. Patent 5,328,470) or by stereotactic injection (e.g. Chen et al. (1994) 
PiV!/16^ 91: 3054-3057). 

The pharmaceutical preparation of the gene therapy construct can consist essentially 
of the gene delivery system m an acceptable diluent, or can comprise a slow release matrix in 
which the gene delivery vehicle is imbedded. Alternatively, where the complete gene 
delivery system can be produced m tact from recombinant cells, e.g. retroviral vectors, the 
pharmaceutical preparation can comprise one or more cells which produce the gene delivery 
syst^ 

ii other preferred embodiments, ex vivo gene therapy ^proaches can be used. 
CeU Therapy 

Wnt can also be increased m a subject by mtiroducmg into a cell, e.g., a fibroblast, 
keiatinocyte, epitiielial cell, e.g., a hair follicle cell, e.g., a DP cell, a nucleotide sequence that 
modulates the production of Wnt, e.g., a nudeotide sequence encoding a Wnt polypeptide or 
ftmotional fragment or analog thereoi^ a promote: sequence e.g., a promoter sequraice from a 
Wnt gene or from anothar gene; an enhancer sequence, e.g., 5' untranslated r^on (UTR), 
e.g., a 5' UTR from a Wnt gene or from another gene, a 3' UTR, e.g., a 3' UTR from a Wnt 
gene or from anotiier gene; a polyadenylation site; an msulator sequence; or another 
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sequence that modulates the expression of Wnt. The cell caa then be mtroduced into the 
subject. 

Primary and secondary cells to be genetically engineered can be obtained from a 
variety of tissues and mclude cell types which can be maintained propagated in culture. For 
example, primary and secondary cells include fibroblasts, keratinocytes, epithelial cells (e.g., 
DP cells), endothelial cells, glial cells, neural cells, formed elements of the blood (e.g., 
lymphocytes, bone marrow cells), muscle cells (myoblasts) and precursors of these somatic 
cell types. Primary cells are preferably obtamed from the individual to whom the genetically 
engineered primary or secondary cells are administered. However, primary cells may be 
obtained for a donor (other than the recipient) of the same species or another species (e.g., 
mouse, rat, rabbit, cat, dog, pig, cow, bird, sheep, goat, horse). 

The tern "primary cell" mcludes cells present in a suspension of cells isolated from a 
vertebrate tissue source (prior to their being plated i.e., attached to a tissue culture substrate 
such as a dish or flask), cells present m an explant derived from tissue, botii of the previous 
types of cells plated for the first time, and cell suspensions derived from these plated cells. 
The term "secondary cell" or "cell strain" refers to cells at all subsequent steps in culturing. 
That is, the first time a plated primary cell is removed from the culture substrate and replated 
(passaged), it is referred to herein as a secondary cell, as are all cells in subsequent passages. 
Secondary cells are cell strains which consist of secondary cells which have been passaged 
one or more times. A cell strain consists of secondary cells that: 1) have been passaged one 
or more times; 2) exhibit a finite number of mean population doublings in culture; 3) exhibit 
ihe properties of contact-inhibited, anchorage dependent growth (anchorage-dependence does 
not apply to cells that are propagated in suspension culture); and 4) are not hnmortalized. A 
"clonal cell strain" is defined as a cell strain that is derived from a single founder cell. A 
"heterogenous cell strain" is defined as a cell strain that is derived from two or more founder 
cells. 

Primary or secondary cells of vertebrate, particularly mammalian, origui can be 
transfected wilih an exogenous nucleic acid sequence which mcludes a nucleic add sequence 
encoding a signal peptide, and/or a heterologous nucleic acid sequence, e.g., encoding Wnt, 
. and produce the encoded product stably and reproducibly in vitro and in vivo, over extended 
periods of time. A heterologous amino acid can also be a regulatory sequence, e.g., a 
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promoter, which causes expression, e.g., inducible expression or upregulation, of an 
endogenous Wnt sequence. An exogenous nucleic acid sequence can be introduced into a 
primary or secondary cell by homologous recombination as described, for example, in U.S. 
Patent No. : 5,641,670, the contents of which are incorporated herein by reference. 

The transfected primary or secondary cells may also include DNA encoding a 
selectable marker which confers a selectable phenotype upon them, facilitating their 
identification and isolation. Methods for producing transfected primary and secondary cells 
which stably express exogenous synthetic DNA, clonal cell strains and heterogeneous cell 
strains of such transfected ceUs, methods of producing the clonal heterogeneous cell strains, 
and methods of treating or preventing an abnormal or undesirable condition through the use 
of populations of transfected primary or secondary cells are part of the present inventioa 

Transfection of Primary or Secondary Cells of Clonal or Heterogeneous C^ll Strains 

Vertebrate tissue can be obtained by standard methods such a punch biopsy or other 
surgical methods of obtaining a tissue source of the primary cell type of interest. For 
example, punch biopsy or removal of a hair follicle is used to obtain a source of fibroblasts, 
keratinocytes, or endotiieKal ceUs, e.g., hair follicle cells or DP cells. A mixture of primary 
cells is obtamed from tiie tissue, using known methods, such as enzymatic digestion or 
explanting. If enzymatic digestion is used, enzymes such as collagenase, hyaluronidase, 
dispase, pronase, trypsin, elastase and chymotrypsin can be used. 

The resulting primary cell mixture can be transfected directiy or it can be cultured 
first, removed firom the culture plate and resuspended before transfection is carried out 
Primary cells or secondary cells are combined vnih exogenous nucleic acid sequence to, e.g., 
stably integrate into their genomes, and treated in order to accomplish transfection. The 
exogenous nucleic acid sequence can optionally include DNA encoding a selectable marker. 
The exogenous nucleic acid sequence and selectable marker-encoding DNA can either be on 
separate constructs or on a single construct. An appropriate quantity of DNA is used to 
ensure that at least one stably transfected cell containing and appropriately expressing 
exogenous DNA is produced. In general, approximately 0.1 to 500 ]xg of DNA is used. 

As used herein, the term "transfection" includes a variety of techniques for 
introducing an exogenous nucleic acid mto a ceU including calcium phosphate or calcium 
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chloride precipitation, microinjectioii, DEAE-dextrin-mediated transfection, lipofection or 
electrophoration. 

Electroporation is carried out at approximate voltage and capacitance (and 
corresponding time constant) to result in entry of the DNA construct(s) into the primary or 
secondary cells. Electroporation can be carried out over a wide range of voltages (e.g., 50 to 
2000 volts) and corresponding capacitance. Total DNA of approximately 0.1 to SOOjig is 
generally used. 

Methods such as calcium phosphate precipitation, modified calcium phosphate 
precipitation an polybrene precipitation, liposome fusion and receptor-mediated gene 
delivery can also be used to transect cells. Primary or secondary cells can also be transfected 
using microinjectioa A stably, transfected cell can then be isolated and cultured and sub 
cultivated, under culturing conditions and for sufficient time to propagate stably transfected 
secondary cells an produce a clonal cell strain of transfected secondary cells. Alternatively, 
more than one transfected cell is cultured and sub cultured, resulting in production of a 
heterogeneous cell strain. 

Transfected primary or secondary cells undergo sufficient number doubling to 
produce either a clonal cell strmn or a heterogeneous cell strain of sufficient size to provide 
the therapeutic protem to an individual in effective amounts. In general, for example, 0. Icm^ 
of skin is biopsies and assumed to contain 1,000,000 cells; one cell is used to produce a 
clonal cell strain and undergoes approximately 27 doublings to produce 100 million 
transfected secondary cells. If a heterogeneous cell strain is to be produced from an original 
transfected population of approximately 1000,000 cells, only 10 doublings are needed to 
produce 100 million transfected cells. 

The number of required cells in a transfected clonal heterogeneous cell strain is 
variable and depends on a variety of factors, mcluding but not limited to, the use of the 
transfected cells, the functional level of the exogenous DNA m the transfected cells, the site 
of implantation of the transfected cells (for example, the number of cells tiiat can be used is 
limited by the anatomical site of implantation), and the age, surfece area, and clinical 
condition of the patient. The put these factors in perspective, to deliver therapeutic levels of 
human growtti hormone in an otherwise healthy 10 kg patient with isolated growth hormone 
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deficiency, approximately one to five hundred million transfected fibroblast would be 
necessary (the volume of these cells is about that of the very tip of the patient's thumb). 

Implantation of Clonal Cell Strain or Heterogeneous Cell Strain of Transfected 
5 Secondary Cells 

The transfected cells, e.g., cells produced as described herem, can be introduced into 
an individual to whom the product is to be delivered. The clonal cell strain or heterogeneous 
cell stndn is then introduced into an individual. Various routed of administration and various 

10 sites (e.g., renal sub capsular, subcutaneous, central nervous system (mcluding intrathecal), 
intravascular, mtrahepatic, intrasplanchnic, mtraperitoneal (including intraomental), 
intramuscularly implantation) can be used. One implanted in individual, the transfected cells 
produce the product encoded by the heterologous DNA or are affected by the heterologous 
DNA itself. For example, an individual who suffers firom a condition related to unwanted 

16 angiogenesis is a candidate for implantation of Wnt producing cells. 

The individual can have a small sMn biopsy performed; this is a simple procedure 
which can be performed on an outpatient basis. The piece of skin is taken, for example, firom 
under the arm and can require about one minute to remove. The sample is processed, 
resulting in isolation of the patienf s cell (e.g., fibroblasts) and genetically engineered to 

20 produce Wnt or another protein or molecule that induces the production of Wnt. Based on 
the age, weight, and clinical condition of the patient, the required number of cells are grown 
in large-scale culture. The entire process should require 4-6 weeks and, at the end of that 
time, the appropriate number of genetically engineered cells are introduced into the 
individual, once agam as an outpatient (e.g., by injecting them back under the patient's skin, 

25 e.g.,onthescalporfiice). The patient is now capable of producmg Wnt which can 
ameliorate symptoms of hair loss. 

For some, this will be a one-time treatment and, for others, multiple cell therapy 
treatments will be required. 

As this example suggests, the cells used will generally be patient-specific genetically 

30 engineered cells. It is possible, however, to obtain cells firom another individual of the same 
species or firom a different species. Use of such cells might require administration of an 
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immunosuppressant, alteration of histocompatibility antigens, or use of a barrier device to 
prevent rejection of the implanted cells. 

Transfected primary or secondary cells can be administered alone or in conjunction 
with a barrier or agent for inhibiting inmmne response against the ceE in a recipient subject. 
For e?cample, an immunosuppressive agent can be administered to a subject to inhibit or 
interfere with normal response in the subject Preferably, the immunosuppressive agent is an 
inamunosuppressive drug which inhibits T cell/or B cell activity in a subject. Examples of 
such inamunosuppressive drugs conmiercially available (e.g., cyclosporin A is conamercially 
available from Sandoz Corp. East Hanover, NJ). 

An immunosuppressive agent, e.g., drug, can be administered to a subject at a dosage 
sufficient to achieve the desired therapeutic efifect (e.g., inhibition of rejection of the cells). 
Dosage ranges for immunosuppressive drugs are known in the art. See, e,g., Freed et al. 
{1992) K Engl J.Med 327:1549; Spencer et al. (1992) JV: EngL J.Med 327:1541' Widner 
et al. (1992) n, Engl J Med 327:1556). Dosage values may vary according to factors such 
as the disease state, age, sex, and weight of the individual 

Another agent with can be used to inhibit T cell activity in a subject is an antibody, or 
fragment of derivative thereof Antibodies capable of depleting or sequestering T cells in 
vivo are known in the art. Polyclonal antisera can be used, for example, anti-lymphocyte 
serum. Alternatively, one or more monoclonal antibodies can be used. Preferred T cell 
depleting antibodies include monoclonal antibodies which bind to CD2, CDS, CD4, CDS, 
CD40, CD40, ligand on the cell surface. Such antibodies are known in the art and are 
commercially available, for example, from American Type Culture Collection. A preferred 
antibody for binding CD3 on human T ceUs is 0KT3 (ATCC CRL 8001). 

An antibody which depletes, sequesters or inhibits T cells within a recipient subject 
can be administered in a dose for an appropriate time to inhibit rejection of cells upon 
transplantation. Antibodies are preferably administered intravenously in a pharmaceutically 
acceptable earner of diluent (e.g., saline solution). 

An advantage of the use of transfected or secondary cells is that by controlling the 
number of cells introduced mto an individual, one can control the amount of the protein 
delivered to the body. In addition, m some cases, it is possible to remove the transfected 
cells of there is no longer a need for the product. A fiirfher advantage of treatment by use of 
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transfected primary or secondary cells of the present invention is that production of the 
therapeutic product can be regulated, such as through the an administration of zinc, steroids 
or an agent which affects transcription of a protein, product or nucleic acid product or affects 
the stability of a nucleic acid product. 

AHtniniRfration 

An agent which modulates the level of expression of a Wnt protein can be 
administered to a subject by standard methods. For example, the agent can be administered 
by any of a number of different routes including intravenous, intradermal, subcutaneous, oral 
(e.g., inhalation), transdermal (topical), and transmucosal. In one embodiment, the Wnt 
modulating agent can be administered topically. 

The agent which modulates Wnt protein levels, e.g., nucleic acid molecules, Wnt 
polypeptides, fragments or analogs, Wnt modulators, and anti-Wnt antibodies (also referred 
to herein as "active compounds") can be incorporated into pharmaceutical compositions 
suitable for administration to a subject, e.g., a human. Such compositions typically include 
the nucleic acid molecule, polypeptide, modulator, or antibody and a pharmaceutically 
acceptable carrier. As used herein the language "pharmaceutically acceptable carrier" is 
intended to include any and all solvents, dispersion media, coatmgs, antibacterial and 
antifungal agents, isotonic and absorption delaying agents, and the like, compatible with 
pharmaceutical administration. The use of such media and agents for pharmaceutically 
active substances are known. Except insofar as any conventional media or agent is 
incompatible with the active compound, such media can be used in the compositions of the 
invention. Supplementary active compounds can also be incorporated into the compositions. 

A pharmaceutical composition can be formulated to be compatible with its intended 
route of administration. Solutions or suspensions used for parenteral, intradermal, or 
subcutaneous application can include the following components: a sterile diluent such as 
water for injection, saline solution, fixed oils, polyethylene glycols, glycerine, propylene 
glycol or otiier synthetic solvents; antibacterial agents such as benzyl alcohol or methyl 
parabens; antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such as 
etiiylenediaminetetraacetic acid; buffers such as acetates, dtrates or phosphates and agents 
for tiie adjustment of tonicity such as sodium chloride or dextrose. pH can be adjusted with 
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acids or bases, such as hydrochloric acid or sodium hydroxide. The parenteral preparation 
can be enclosed in ampoules, disposable syringes or multiple dose vials made of glass or 
plastic. 

Pharmaceutical compositions suitable for injectable use include sterile aqueous 
solutions (where water soluble) or dispersions and sterile powders for the extemporaneous 
preparation of sterile injectable solutions or dispersion. For intravenous administration, 
suitable carriers include physiologpical saline, bacteriostatic water, CremophorEL™ (BASF, 
Parsippany, NT) or phosphate buffered saline (PBS). In all cases, the compositiion must be 
sterile and should be fluid to the extent that easy syringability exists. It must be stable under 
the conditions of manufacture and storage and must be preserved against the contaminating 
action of microorganisms such as bacteria and fimgi. The carrier can be a solvent or 
dispersion medium containing, for example, water, ethanol, polyol (for example, glycerol, 
propylene glycol, and liquid polyethylene glycol, and the like), and suitable mixtures thereof 
The proper fluidity can be maintained, for example, by the use of a coating such as lecithin, 
by the maintenance of the required particle size in the case of dispersion and by the use of 
surfactants. Prevention of the action of microorganisms can be achieved by various 
antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, ascorbic 
acid, thimerosal, and the like. In many cases, it will be preferable to include isotonic agents, 
for example, sugars, polyalcohols such as manitol, sorbitol, sodium chloride in the 
composition. Prolonged absorption of the injectable compositions can be brought about by 
including in the composition an agent which delays absorption, for example, alummum 
monostearate and gelatin. 

Sterile injectable solutions can be prepared by incorporating the active compound 
(e.g., a Wnt polypeptide or anti-Wnt antibody) in the required amount in an appropriate 
solvent with one or a combination of ingredients enumerated above, as required, followed by 
filtered sterilization. Generally, dispersions are prepared by incorporating the active 
compound into a sterile vehicle which contains a basic dispersion medium and the required 
other ingredients from those enumerated above. In the case of sterile powders for the 
preparation of sterile injectable solutions, the preferred methods of preparation are vacuum 
drying and freeze-drymg which yields a powder of the active ingredient plus any additional 
desired mgredient from a previously sterile-filtered solution thereof 
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Oral compositions generally include an inert diluent or an edible carrier. They can be 
enclosed in gelatin capsules or compressed into tablets. For the purpose of oral therapeutic 
administration, the active compound can be incorporated with excipients and used in the 
form of tablets, troches, or capsules. Oral compositions can also be prepared using a fluid 
carrier for use as a mouthwash, wherein the compoimd in the fluid carrier is applied orally 
and swished and expectorated or swallowed. Pharmaceutically compatible binding agents, 
and/or adjuvant materials can be included as part of the composition. The tablets, pills, 
capsules, troches and the like can contain any of the following ingredients, or compounds of 
a simaar nature: a bmder such as microcrystalline cellulose, gum tragacanth or gelatin; an 
excipient such as starch or lactose, a disintegrating agent such as alginic acid, Primogel, or 
com starch; a lubricant such as magnesium stearate or Sterotes; a glidant such as colloidal 
silicon dioxide; a sweetening agent such as sucrose or saccharin; or a flavoring agent such as 
peppermint, methyl salicylate, or orange flavoring. 

Systemic administration can also be by transmucosal or transdermal means. For 
transmucosal or transdermal administration, penetrants appropriate to the barrier to be 
permeated are used in the formulation. Such penetrants are generally known, and include, 
for example, for transmucosal administration, detergents, bile salts, and fiisidic acid 
derivatives. Transmucosal administration can be accomplished through the use of nasal 
sprays or suppositories. For transdermal administration, the active compounds are 
formulated into ointments, salves, gels, or creams as generally known in the art Such 
transdermal formulations can by applied to the skin to promote or inhibit hah* growth. 

In one embodiment, the active compounds are prepared with carriers that will protect 
the compound against rapid elimination from the body, such as a controlled release 
formulation, includmg implants and microencapsulated delivery systems. Biodegradable, 
biocompatible polymers can be used, such as ethylene vinyl acetate, poly anhydrides, 
polyglycolic acid, collagen, polyorthoesters, and polylactic acid. Methods for preparation of 
such formulations will be apparent to those skilled in the art. The materials can also be 
obtained commercially firom Alza Corporation and Nova Pharmaceuticals, Inc. Liposomal 
suspensions (including liposomes targeted to infected cells with monoclonal antibodies to 
viral antigens) can also be used as pharmaceutically acceptable carriers. These can be 
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prepared according to methods known to those skilled in the art, for example, as described in 
U.S. Patent No. 4,522,811. 

The nucleic acid molecules described herein can be inserted into vectors and used as 
gene therapy vectors. Gene therapy vectors can be delivered to a subject by, for example, 
intravenous injection, local administration (see U.S, Patent 5,328,470) or by stereotactic 
injection (see e.g., Chen et al., PNAS 91 :3054-.3057, 1994). The pharmaceutical preparation 
of the gene therapy vector can include the gene therapy vector in an acceptable diluent, or 
can include a slow release matrix in which the gene delivery vehicle is imbedded. 
Alternatively, where the complete gene delivery vector can be produced intact from 
recombinant cells, e.g. retroviral vectors, the pharmaceutical preparation can include one or 
more cells which produce the gene delivery system. 

The pharmaceutical compositions can be included in a container, pack, or dispenser 
together with instructions for adniinistratioa 

The agent which modulates the level of Wnt protem can be administered by locally 
administration, e.g., topical admmistratioa The agent can be applied once or it can be 
admmistered continuously, e.g., the agent is admmistered with sufficient frequency such that 
the affect on the Wnt protem level is maintained for a selected period, e.g., 5, 10, 20, 30, 50, 
90, 180, 365 days or more. The adnunistration of an agent which modulates, e.g., increases 
or inhibits, the level of a Wnt protein, e.g., a Wnt polypeptide or an anti-Wnt antibody, can 
also be repeated. 

Other Embodiments 

It is imderstood that while the mvention has been described m conjxmcdon with the 
detailed description thereof the foregoing description is intended to illustrate and not limit 
the scope of the invention, which is defmed by the scope of the appended claims. Other 
aspects, advantages, and modifications are within the scope of the following claims. 

All patents and references cited herem are incorporated in then: entirety by reference. 
Other embodiments are within the following claims. 
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What is claimed: 

1. A method of promoting hair growth in a subject, comprising inducing or niimicking 
an eiffect of Wnt-promoted signal Iransduction in a subject, thereby promoting hair growth. 

2. The method of claim 1, wherein Wnt-promoted signal transduction is induced or 
numicked in a dermal papilla cell of the subject. 

3 . The method of claim 1, wherein an effect of Wnt promoted signal transduction is 
induced by administering to the subject an agent which increases the level of Wnt protem 
production or activity. 

4. The method of claim 3, wherem the agent is a Wnt polypeptide or a fimctional 
fragment or analog thereof 

5. The method of claim 3, wherein the agent is a nucleotide sequence encodmg a Wnt 
polypeptide or functional fragment or analog thereof 

6. The method of claim 5, wherein the Wnt polypeptide is WntS, Wnt 4, or Wnt 7. 

7. The method of claim 1, wherein an ejffect of Wnt promoted signal transduction is 
mimicked by administering to the subject an agent that kihibits p-catenin phosphorylation or 
inhibits GSK3p kinase. 

8. The method of claim 7, wherem the agent is lithium chloride. 

9. The method of claim 1, wherein an effect of Wnt promoted signal transduction is 
mimicked by administering to the subject an agent that increases cytoplasmic accumulation 
of p-catenin. 

10. The method of claim 1, wherem an effect of Wnt promoted signal transduction is 
mimicked by an agent that interacts with a Frizzled receptor. 
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1 1 . The method of claim 1 0, wherein the agent is an antibody. 

12. A method of inhibiting hair growth in a subject, comprising inhibiting the level of 
Wnt protem or inhibiting an effect of Wnt-promoted signal transduction, in a subject. 

13. The melhod of claim 12, wherem the level of Wnt protein or Wnt-promoted signal 
transduction is inhibited in a dermal papilla cell. 

14. The method of claim 12, wherein an eflfect of Wnt-promoted signal transduction is 
mhibited by administering to the subject an agent which decreases the level of Wnt protein 
production or activity. 

15. The method of claim 12, wherein the Wnt protdn is a Wnt3, Wnt 4, or Wnt 7. 

16. The method of claim 12, wherein an effect of Wnt-promoted signal transduction is 
inhibited by an agent that increases p-catenin phosphorylation or induces GSK3p kinase 
activity. 

17. The method of claim 12, wherem an effect of Wnt promoted signal transduction is 
inhibited by administering an agent that decreases cytoplasmic accumulation of p-catenin. 

18. A method of evaluating whether a subject is at risk for hair loss, comprising detecting 
the presence or absence of a genetic lesion in a Wnt gene or misexpression of a Wnt gene, 
thereby evaluating whether a subject is at risk for hair loss. 

19. The method of claim 18, wherein the Wnt gene Wnt3, Wnt 4, or Wnt 7. 

20. The method of claim 18, wherein the genetic lesion or mise>q>ression is detected in a 
hair follicle of the subject. 
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21. The method of claim 18, wherein underexpression of Wnt is indicative of a risk of 
hair loss. 

22. A method of identifying a compound capable of promoting hair growth, comprising: 

contacting a cell capable of expressing a Wnt polypeptide with a test 
compound; and 

detennining the level of Wnt polypeptide or nucleic acid expression in the 
cell, wherem a compound capable of increasing Wnt polypeptide or nucleic acid 
expression is indicative of a compound capable of promoting hair growth, 

thereby identifying a compound capable of promoting hair growth, 

23. The method of claim 22, wherem the Wnt polypeptide is Wnt 3, Wnt 4, or Wnt 7. 

24 The method of claim 22, wherem the test compound is a Wnt fragment or analog. 

25. The method of claim 22, wherem the cell is a hair follicle cell 

26. A method of identifying a compound capable of mhibiting hair growth, comprising: 

contacting a cell capable of expressing a Wnt polypeptide with a test 
compound; and 

detennining the level of Wnt polypeptide or nucleic acid expression in the 
cell, wherein a compound capable of decreasing Wnt polypeptide or nucleic acid 
expression is indicative of a compound capable of inhibiting hair growth, 

thereby identifying a compound capable of inhibiting hair growth. 

27. The method of claim 26, wherem the Wnt polypeptide is Wnt 3, Wnt 4, or Wnt 7. 

28. The method of claim 26, wherein the test compoimd is a Wnt antagonist. 

29. The method of claim 26, wherein the cell is a hair follicle cell. 
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30. A method of culturing a dermal papilla (DP) cell, comprising culturing the DP cell in 
the presence of an increased level of Wnt or an agent which mimics an effect of Wnt- 
promoted signal transduction. 

3 1 . The method of claim 3 1, wherein the agent is lithium chloride, 

32. The method of claim 30, wherein a Wnt polypeptide or a functional fragment or 
aaalog thereof is added to the culture. 

33 . The method of claim 30, wherein the DP cell is cultured in the presence of a cell 
which expresses a Wnt polypeptide or a functional fragment or analog thereof 

34. A culture media for dermal papilla (DP) cells, comprising: a Wnt polypeptide or a 
fimctional fragment or analog thereo:!^ or an agent which mimics an effect of Wnt promoted 
signal transduction. 

35. The culture media of claun 34, wherein the agent is lithium chloride. 

36. A method of promoting or maintaining anagen phase gene expression in a dermal 
papilla (DP) cell, comprising: increasing the level of Wnt protein or mimicking an effect of 
Wnt promoted signal transduction in the DP cell. 

37. The method of claim 36, wherein the Wnt protein is Wnt3, Wnt 4, or Wnt 7. 

38. The method of claim 37, wherein mimicking an effect of Wnt promoted signal 
transduction comprises mhibitmg p-catenin phosphorylation in the DP cell. 

39. The method of claim 38, wherem mimicking an effect of Wnt promoted signal 
transduction in the DP cell comprises contacting the cell with lithium chloride, 

40. A method of providing and mmntaimng a dermal papilla (DP) cell graft comprising: 
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providing a DP cell from a subject; and 

culturing the DP cell under conditions that induce or mimic an effect of Wnt- 
promoted signal transduction, thereby providing and maintaining a dermal papilla (DP) cell 
graft. 

5 

41 . The method of claim 40, wherein the dermal papilla cell is cultured in the presence of 
Wnt or a fragment or analog thereof. 

42. The method of claim 40, wherein the dermal papilla cell is cultured in the presence of 
10 lithium chloride. 

43. The method of cl^ 40, wherem the dermal papilla cell is cultured in the presence of 
p-catenin and/or LEF-1 . 

16 44. The method of claim 40, wherein the dermal papilla cell is cultured in the presence of 
an agent which inhibits p-catenin phosphorylation. 

45. The method of claim 40, wherein the dermal papilla cell is cultured in the presence 
of an agent which inhibits GSK3p kinase. 

20 

46. The method of claim 40, wherein the dermal papilla cell is cultured in the presence 
of an agent which promotes accumulation of p-catenin. 

47. The method of claim 40, fiirther comprising the step of returning the DP cell to the 
26 same or a different subject. 
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